From: Ann Hanger

To: Russell Wasem

Subject: rodenticide update

Date: Wednesday, May 01, 2013 6:59:44 PM
Attachments: white paper_draft watermark_010813.pdf

DPR draft SGAR text 4-3-13.pdf

Hi Rusty,

I just got an email from Kate Bouve and she wants to talk to me about the rodenticide wildlife incident
data DPR has on file. | will be putting this information together for her so wanted to keep you in the
loop.

Also, I'm not sure if you ever received DPR's draft "white paper" analyzing the incident data we received
from the California Department of Fish & Wildlife (formally known as Department of Fish & Game) and
other wildlife rehabilitation groups to support DFW's request for DPR to designate all second generation
anticoagulants as California restricted materials? The draft was never officially released to the public,
but we have sent it out to various stakeholders. The document went through an external peer review
and DPR is currently going through the comments and making revisions to the draft. I am attaching the
white paper so you have it in your files.

We have received additional data from DFW since the white paper was completed, so | will talk to Kate
about this as well.

I am also attaching what our current proposed regulations look like. | believe our Asst. Director, Chuck
Andrews, discussed this language with Rick Keigwin on his recent trip out to DC. We anticipate issuing a
formal notice of proposed rulemaking sometime this summer.

Please let me know if you have any questions or need additional information.

Thanks,
Ann
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FROM: Deborah Daniels, DVM
Senior Environmental Scientist

DATE: September 19, 2012

SUBJECT: SECOND GENERATION ANTICOAGULANT RODENTICIDES

In a July 2011 memorandum, the California Department of Fish and Game (CDFG) requested
that the Department of Pesticide Regulation (DPR) designate all second generation anticoagulant
rodenticides as California restricted materials. This paper represents DPR’s assessment, based on
available data, of the potential and actual risk to non-target wildlife from second generation
rodenticides.

Executive Summary

Commensal mice and rats pose a significant economic and health risk to people. The
rodenticides that are utilized to control them need to be efficacious while being relatively safe for
humans, pets, and non-target wildlife. Rodenticides currently registered for use in California fall
into three categories: first generation anticoagulant rodenticides (chlorophacinone, diphacinone
and warfarin), second generation anticoagulant rodenticides (brodifacoum, bromadiolone,
difenacoum, and difethialone), and non-anticoagulant rodenticides (bromethalin, cholecalciferol,
and zinc phosphide).

Compared to first generation rodenticides, second generation anticoagulants are considered to be
more effective as they only require a single feeding and no resistance has been reported, have
significantly longer half-lives in target and non-target wildlife, and are more toxic to birds and
mammals (based on animal LDss).

DPR analyzed wildlife incident and mortality data between 1995 and 2011, and rodenticide use
and sales data between 2006 and 2010. The data indicate that exposure and toxicity to non-target
wildlife from second generation anticoagulant rodenticides is a statewide problem. In addition,
the data suggest that the problem exists in both urban and rural areas. Research data from various
locations throughout California indicate that exposure is occurring in many taxa and in various
ecosystems (urban, suburban, rural, and natural/wild areas). While the data show exposure, they
do not link specific uses, or location of use of second generation anticoagulant rodenticide (i.e.,
indoors or outdoors, homeowners or professionals) to exposure.

Of the 492 animals analyzed between 1995 and 2011, approximately 73% had residues of at least

one second generation anticoagulant rodenticide. Brodifacoum residues were found in
approximately 69% of the 492 animals, and brodifacoum was likely involved in 13% of animal
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mortalities. Bromadiolone residues were found in approximately 37% of the animals analyzed,
and bromadiolone was likely involved in approximately 3% of animal mortalities. Difethialone
residues were found in approximately 8% of the animals analyzed. Due to its relatively new
entrance into the marketplace, animals were not analyzed for difenacoum residues. While no
animal mortalities can be directly attributed to difethialone or difenacoum, based on half-life and
toxicity data, these two chemicals appear to be similar to brodifacoum and bromadiolone.
Animals that tested positive for second generation rodenticides include bobcats, mountain lions,
coyotes, foxes, skunks, hawks, crows, and owls.

The data also show that exposure of wildlife to second generation anticoagulant rodenticides can
lead to sub-lethal effects. The sub-lethal effects reduce the fitness of wildlife at a time when
wildlife are already meeting numerous challenges. Riley et al’s (2007) study of bobcats is an
example of the sub-lethal effects of rodenticides. The bobcats died due notoedric mange. Mange
was not previously known as a significant pathogen in wild felids. However, exposure to
rodenticides appears to have contributed to the disease process, and hence, the mortality of the
bobcats.

Based on the data reviewed, DPR finds that that the use of second generation rodenticides
presents a hazard related to persistent residues in target animals resulting in impacts to non-target
wildlife.

Background

Commensal mice and rats pose a significant economic and health risk to people, as they can
damage homes, destroy crops, contaminate food, and directly spread eleven diseases (Center for
Disease Control (CDC, 2011(b)) and indirectly spread fifteen diseases (CDC, 2012(a)) that
threaten people’s health and lives. Therefore, controlling them is considered a priority.

Rodenticides are pesticides that are designed to kill rodents, including mice and rats. For the
purposes of this document, rodenticides will be divided into anticoagulant rodenticides (first and
second generation) and non-anticoagulant rodenticides (including bromethalin, cholecalciferol,
and zinc phosphide). Strychnine will not be discussed as its only labeled use is for below-ground
gopher control.

First generation anticoagulant rodenticides - chlorophacinone, diphacinone, and warfarin - were
developed and marketed beginning in 1950. However, by the 1970’s, resistance to warfarin was
noted in Norway rats, roof rats, and mice in Europe and North America. The warfarin-resistant
strains of mice and rats prompted the development of second generation anticoagulant
rodenticides, including brodifacoum, bromadiolone, difethialone, and difenacoum. Brodifacoum
was developed in 1975, registered with the United States Environmental Protection Agency
(U.S. EPA) in 1979, and registered with DPR in 1983. DPR first registered bromadiolone in
1982. The remaining two second generation rodenticides are relatively new. DPR first registered
difethialone in 1997 and difenacoum in 2008.
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Both first and second generation anticoagulant rodenticides are vitamin K antagonists that cause
mortality by blocking an animal’s ability to produce several key blood clotting factors. The result
is a lag time between ingestion and death. The chemicals are likely to be additive in their effect
(Gabriel et al (2012) and Riley et al (2007)), and can be treated with vitamin K (Merck Sharp &
Dohme Corp (2011)). However, they differ in several key ways. First generation anticoagulant
rodenticides require consecutive days of intake to accumulate a lethal dose and if the animal
survives or doesn’t like the taste or effects, it may develop bait shyness. If an animal that
consumes a first generation anticoagulant rodenticide is eaten by a predator, the predator can
become affected by the rodenticide (Townsend et al, 1984). However, the ability of first
generation rodenticides to bioaccumulate in target and non-target animals is considered low
(Eason and Ogilvie, 2009). The half-life (the amount of time it takes a substance to decrease by
half) of most first generation anticoagulants in both target and non-target wildlife is generally
hours to days, compared to the half-lives of second generation anticoagulants which are
generally days to months. See Table 1 (below).

Second generation anticoagulant rodenticides have the same mechanism of action, but they have
a higher affinity for the target enzyme (epoxide reductase enzyme), the ability to disrupt the
vitamin K(1)-epoxide cycle at more points, and significantly longer half-lives in blood and liver
(Watt et al, 2005) than first generation anticoagulant rodenticides. In general, rodents require
only one feeding of bait to receive a lethal dose, although bromadiolone and difenacoum may
require multiple feedings. Because it takes several days for the rodent to die, animals often eat
multiple doses, allowing for super-lethal concentrations of the rodenticide to accumulate in its
body. Second generation anticoagulant rodenticides become established in the animal’s liver,
with liver half-lives of four months to a year. If an animal that consumes a second generation
anticoagulant rodenticide is eaten by a predator, the predator can become affected by the
rodenticide. Because of their long half-lives, these rodenticides bioaccumulate in non-target
wildlife (Annex I- Norway, 2007). See Table 1 (below).

The three non-anticoagulant rodenticides belong to three different chemical classes and differ
from each other in their modes of action. Bromethalin is a neurotoxin that causes paralysis and
death. Cholecalciferol is a sterol of vitamin D that, when converted in the liver into the active
form, causes renal failure, cardiac abnormalities, hypertension, central nervous system
depression, and gastric system distress (anorexia, vomiting, and constipation). Zinc phosphide is
an inorganic rodenticide that converts to phosphine gas in the stomach, causing gastrointestinal
distress (including vomiting and pain), hypotension, and cardiovascular collapse. See Table 1
(below) for the half-lives of rodenticides in the blood and liver of rats.
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Table 1. Half-life (in days) of a single dose of rodenticides in the blood and liver of rats' 2.

Class of Rodenticide | Rodenticide Dose RIS (0 capm) | 18RI (fa dhye)
(mg ai/kg) in Blood in Liver
Brodifacoum 0.02 to 0.35 6.5t091.7’ 113.5% to 350
Second Generation | Bromadiolone | 0.2 to 3.0 1.0 to 2.4 170 to 318
Anticoagulant - 7
Rodenticides Difenacoum 1.2 NA 118
Difethialone 0.5 2.3 126
First Generation Chlorophacinone | 4 to 5 0.4 Less than 2
Anticoagulant Diphacinone 0.32 NA 2<x<3"?
Rodenticides | vy farin NA, I° 0.7t0 12" 7' t0.26.2°
.5
Non-anticoagulant Bromethalin NA 56 NA
.. 2
Rodenticides Cholecalciferol® | NA 1 ~19"

1 Data summarized from Erickson and Urban, 2004, except where noted.

. Data is not available for zinc phosphide, so it is not included on the chart.
. Fisher et al, 2003.

. U.S. EPA, 2007.

. Spaulding and Spannring, 1988.

. Marrow, 2001.

. Vandenbroucke et al, 2008.

. Body half-life (instead of liver half-life).

01N DN bW

In 1999, CDFG requested that DPR place pesticide products containing the second generation
anticoagulant rodenticide brodifacoum into reevaluation based on concerns regarding adverse
effects to non-target wildlife. (Reevaluation is a process that allows DPR to evaluate the human
health and environmental impacts of currently registered pesticide products.) After evaluating the
data on file, DPR presented an issue paper recommending a number of mitigation measures and
proposed that rodenticide baits containing brodifacoum, bromadiolone, and difethialone
(difenacoum was not yet registered) be restricted to indoor structural use only. However, based
on comments from representatives of the pest control industry expressing concern over the
restriction, including comments from food processors noting that federal law requires rodent
control to take place outside the building, DPR reconsidered its proposal.

DPR then became aware that the U.S. EPA was conducting risk assessments on numerous
rodenticides. DPR decided to focus its reevaluation in coordination with U.S. EPA. In 2004,

U.S. EPA (listed as Erickson and Urban, 2004) completed its Potential Risks of Nine
Rodenticides to Birds and Nontarget Mammals: a Comparative Approach. In May 2008,

U.S. EPA announced its final Risk Mitigation Decision for Ten Rodenticides (RMD). At the time,
all ten rodenticides came in various bait forms, including loose grains, pellets, and place packs,
and only required the use of a bait station if the product could not be applied in locations out of
reach of children. Most second generation anticoagulant rodenticides were labeled for use to
control rats and mice in and around homes, industrial, commercial, agricultural and public
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buildings, transport vehicles, and similar structures in urban areas. In addition to being labeled to
control commensal rodents around homes, industrial sites, etc., first generation anticoagulants
were labeled for agricultural uses, below-ground mole and pocket gopher control and vole
control. While both first and second generation anticoagulant rodenticide were labeled for the
residential marketplace, second generation anticoagulant rodenticides had the bulk of the
residential market share.

The RMD describes U.S. EPA’s risk mitigation decision for rodenticide products containing the
following ten active ingredients: brodifacoum, bromadiolone, bromethalin, chlorophacinone,
cholecalciferol, difenacoum, difethialone, diphacinone (and its sodium salt), warfarin (and its
sodium salt), and zinc phosphide. The RMD includes two major components: (1) reducing
children’s exposure to rodenticide products used in the home, and (2) reducing wildlife
exposures and ecological risks. To minimize children’s exposure to rodenticide products used in
homes, U.S. EPA’s RMD requires that all rodenticides intended for use above ground by
residential consumers be sold as solid formulations with a bait station. To reduce wildlife
exposures and ecological risks, U.S. EPA imposed sales, package size, and use site restrictions to
reduce the availability of second generation anticoagulant products to the residential consumer
market. The RMD also required the use of bait stations for all outdoor, above-ground uses of the
ten rodenticides.

The terms and conditions of sale/distribution specified in the RMD and in U.S. EPA’s notice of
registration/reregistration prohibit the sale of second generation anticoagulant rodenticides in
stores oriented towards residential consumers such as grocery, drug, hardware, home
improvement stores, and other standard retail outlets. Sale and distribution of the products were
restricted to agricultural, farm, and tractor stores or directly to pest control operators and other
professional applicators. In addition, according to U.S. EPA’s RMD, second generation
anticoagulant products can only be sold in packages that contain eight or more pounds of bait.
Products containing eight to sixteen pounds of bait are labeled only for use inside and within
100 feet of agricultural buildings and man-made agricultural structures vulnerable to rodent
infestations. These products cannot be used in and around homes and residential sites. Products
labeled for 16+ pounds of bait can be used in and within 100 feet of man-made structures
(including homes and other residential areas) that are vulnerable to rodent infestations. The RMD
initially restricted use to within 50 feet from buildings, but in a U.S. EPA memo dated

March 14, 2012, the distance for all non-homeowner rodenticide products was increased to

100 feet and the definition of “building” was expanded to include man-made structures such as
trash receptacles which are often placed farther than 50 feet from buildings. As stated above,
these larger size quantities of second generation rodenticides are intended for distribution and
sale at agricultural, farm, and tractor stores or directly to pest control operators and other
professional applicators. The intent is to remove the product from general consumer access,
while still having the products available to poultry and livestock producers and professional
users, such as licensed pest control applicators. However, in California, numerous homeowners
live on the urban/rural edge and in rural areas on “ranchette” style properties (one to five acres of
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land per home). Due to the location and size of their property, people living in these areas,
including ranchette owners, may shop at farm stores for supplies. Under current federal
requirements, such individuals could purchase and use the 8 to 16 pound plus quantities of
second generation anticoagulant rodenticides, even though they are not a “professional pesticide
user.”

It is also important to note that not all second generation anticoagulant registrants complied with
U.S. EPA’s mitigation measures. Six second generation anticoagulant products, targeted for the
residential consumer market, are still registered for sale in California to residential consumers in
grocery, drug, hardware, home improvement stores, and other standard retail outlets. On
November 2, 2011, U.S. EPA took steps under the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) to cancel these noncompliant products by issuing a draft Notice of
Intent to Cancel and convening a FIFRA Scientific Advisory Panel (SAP) at the end of
November 2011. To date, the outcome of these federal actions has not been determined. In
addition, U.S. EPA existing stocks provisions for all consumer-use second generation
anticoagulant rodenticides allow continued sale of such products from consumer oriented retail
stores until supplies are exhausted.

A review of current California registered rodenticide labels shows that first generation
anticoagulant and non-anticoagulant rodenticides are available to, and for use by, residential
consumers (only in packages < 1 pound of bait) to control rats and mice indoors and outdoors
within 50 feet of homes or buildings. These consumer based products must be in a block/solid
formulation, and be sold with, and used in, a bait station. First generation anticoagulant and non-
anticoagulant products geared towards professional users (>4 pounds of bait) can be used in and
within 100 feet of buildings (including residential buildings) and inside of transport vehicles. For
these products, bait stations are required for all outdoor, above-ground uses and indoors where
children, pets, or non-target wildlife may be exposed. Some of these products are also labeled for
baiting of rat burrows.

DPR also registers first generation anticoagulant and non-anticoagulant rodenticides that are
labeled for use outdoors for manual below-ground burrow baiting to control pocket gophers and
moles. Rodenticides containing diphacinone and chlorophacinone, and the non-anticoagulant
rodenticide zinc phosphide have approved uses to control ground squirrels. Certain
chlorophacinone, diphacinone, and zinc phosphide products can also be used in agricultural areas
(orchards, fields, as well as landscaped areas such as parks and golf courses) and as tracking
powders. However, all agricultural and tracking powder uses are designated as restricted use
pesticides and can only be purchased and used by a California certified/licensed applicator or
under their direct supervision. Liquid formulations of diphacinone sodium salt can be diluted and
used indoors in non-residential areas by professional applicators.

DPR currently registers 72 end use products containing second generation anticoagulant
rodenticides. As mentioned above, there are six second generation anticoagulant products
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targeted for use by homeowners in and around homes. Of the remaining 66 second generation
anticoagulant rodenticide products currently registered, about half are labeled for use only inside
and within 100 feet of agricultural buildings and other man-made agricultural structures. The
other half are labeled for use inside and within 100 feet of man-made structures such as homes,
food processing facilities, industrial and commercial buildings, trash receptacles, agricultural and
public buildings, and transport vehicles and are intended for use by professional applicators
(such as pest control operators, public health officials, federal, state, and municipal employees
charged with rodent control). Certain products are also labeled for use in rodent burrows, alleys,
and sewers. Bait stations must be used indoors when children, domesticated animals, or non-
target wildlife may be exposed. Bait stations are required for all outdoor, above ground
placements. Currently, there are no second generation anticoagulant rodenticides labeled for
agricultural field use.

Evaluated Data

DPR considered data from multiple sources, including CDFG, private agencies and individuals,
and available journal articles and other resources. Utilizing all of these resources, DPR was able
to obtain information on almost 1,300 animals.

From that data set, DPR removed approximately half of the animals and multiple studies because
the data were collected from outside California and placed the information in Appendix I. From
the remaining 630 California animals, DPR removed an additional 41 animals (including

37 geese, 3 other birds, and 1 mammal) because all were related to a specific incident where
chlorophacinone was used in harvested artichoke fields. To address the problem, the product’s
label was amended to prohibit use in fields once the artichokes have been harvested. DPR also
removed 26 rodents (including Norway (or brown) rats, roof (or black) rats, “rats” without a
specified species, and all mice) as these are “target” animals. Four hawks, and a fox were also
removed because only summary data were available (i.e., results on individual animals and for
the individual rodenticides were not available. A snake (which contained difethialone) and a
bobcat fetus (which contained residues of brodifacoum and diphacinone) were removed because
there are no standards (i.e., LDsy data on reptiles or bobcat fetus) against which to compare these
animals. In addition, in each case only a single individual was available. When making scientific
assessments, one usually wants data on more than one individual in order to assure that the data
are not an anomaly. DPR placed summary information regarding the above animals in

Appendix II. Also not included in DPR’s main analysis are data on 58 fishers and 6 badgers that
only recently became available. This new data is summarized in Appendix III.

Even though for scientific or timing reasons, DPR did not include the animals identified above in
its main data analysis, the data still provide important information, and therefore, are
summarized in Appendices I, II, and III.

DPR included all of CDFG’s data in its main analysis, even though, in some cases, CDFG only
reported animals that were positive for rodenticide residues (i.e., negative animals were excluded
and the total number of animals analyzed was unknown). While including all of the CDFG data
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may result in an over representation of positive samples, DPR believes that the data provide
value and do not over represent positive values for second generation anticoagulant rodenticides.
Of the 492 animals included in DPR’s analysis, 350 were from data sets that included both
negative and positive samples. DPR compared the two data sets using statistical analysis
(Chi-squared and Fisher’s Exact with a level of significance of 0.05), and determined that the
data sets (in regards to the second generation anticoagulant rodenticides) are not significantly
different. Therefore, DPR is comfortable including all CDFG data in its analysis.

Analysis

The data included in this analysis were collected between 1995 and 2011, and came from the
following: WildCare’s data (WildCare (2011)), CDFG’s data (CDFG (2011), CDFG (2012a),
CDFG (2012b)), and McMillin et al (2008)), Lima and Salmon’s paper (Lima and Salmon
(2010) and Lima and Salmon (2012)), Seth Riley’s coyote data (Riley (2012)), and Riley et al’s
paper (Riley et al (2007)). The analysis includes 492 non-target animals (including 194 birds
(primarily raptors) and 298 mammals (primarily San Joaquin kit fox, bobcats, mountain lions,
coyotes, and foxes)).

The livers (and/or blood, in a few cases) of each animal were analyzed for at least six
anticoagulant rodenticides. The animals were analyzed for the first generation - warfarin,
chlorophacinone, and diphacinone - and second generation - brodifacoum, bromadiolone, and
difethialone - anticoagulant rodenticides. In some cases, additional analyses were conducted, and
those were reported where applicable. Two rodenticides not registered for use in California were
also found, but will not be discussed. Those were coumachlor and pindone. In addition, because
of its relatively recent entry into the rodenticide market, none of the 492 animals included in
DPR’s analysis were tested for difenacoum residues. Therefore, the lack of data showing
difenacoum residues in animals is not indicative of a lack of toxicity.

Of the 492 non-target animals analyzed, approximately 75% had residues of one or more
rodenticide, approximately 73% (359) had residues of at least one second generation
anticoagulant rodenticide, and approximately 25% (124) were negative.

Brodifacoum residues were found in approximately 69% of the animals, bromadiolone residues
were found in approximately 37% of the animals, and difethialone residues were found in
approximately 8% of the animals. Of the animals that tested positive for at least one rodenticide,
approximately 98% had residues of at least one second generation anticoagulant rodenticide.
Table 2 summarizes these results.
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Table 2. Number (and percent) of the rodenticides among all animals (n=492) and among the
positive animals (n=368)".

Total Number Second Generation Anticoagulant Rodenticides | First Generation Anticoagulant Rodenticides
Samples 492 359 (72.9%) 65 (13.2%)

Positives 368 359 (97.6%) 65 (17.7%)

Total Number Brodifacoum | Bromadiolone | Difethialone | Chlorophacinone | Diphacinone | Warfarin
Birds 194 124 (63.94%) | 42 (21.7%) 10 (5.2%) 1 (0.5%) 5 (0.3%) 0 (0.0%)
Mammals 298 215 (72.2%) 141 (47.3%) 31 (10.4%) 17 (5.7%) 48 (16.1%) | 4(1.3%)
Total 492 339 (68.9%) 183 (37.2%) 41 (8.3%) 18 (3.7%) 53 (10.8%) | 4(0.8%)
Positives 368 339 (92.1%) 183 (49.7%) 41 (11.1%) 18 (4.9%) 53 (14.4%) | 4(1.1%)

This table indicates that exposure of non-target animals to second generation anticoagulant
rodenticides far exceeds exposure to first generation anticoagulant rodenticides. In addition,

1.

Animals may be positive for more than one rodenticide.

brodifacoum residues were found in a large percentage of the animals (almost 70%).

Tables 3 and 4 show the bird and mammal data down to the species level.
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Table 3. Number of each bird (n=194) species that was positive for a rodenticide, that was
positive for a first or second generation anticoagulant rodenticide, and that was for each
rodenticide’.

Species n Positive genz::tion Brodifacoum | Bromadiolone | Difethialone genelrsz:tion Chlorophacinone | Diphacinone | Warfarin
American Crow 1 1 1 1 0 0 0 0 0 0
American Kestrel 6 5 4 3 0 1 1 0 1 0
Bald Eagle 1 1 0 0 0 0 1 0 1 0
Barn Owl 49 29 29 28 15 2 0 0 0 0
E'iag;'; f‘t’r‘g':ed 1 0 0 0 0 0 0 0 0 0
Brown Pelican 2 0 0 0 0 0 0 0 0 0
Burrowing Owl 1 0 0 0 0 0 0 0 0 0
Canada Goose 1 0 0 0 0 0 0 0 0 0
Cooper's Hawk 17 14 14 14 3 0 1 0 1 0
Dark eyed junco 1 0 0 0 0 0 0 0 0 0
Golden Eagle 11 8 8 8 0 0 0 0 0 0
Great Horned Owl 21 17 17 16 8 1 1 0 1 0
Gull (any) 3 0 0 0 0 0 0 0 0 0
S”:;:‘e(;)‘"kmwn 1 1 1 1 1 1 0 0 0 0
Long-eared Owl 1 1 1 1 0 0 0 0 0 0
Northern Harrier 1 0 0 0 0 0 0 0 0 0
Prairie Falcon 1 0 0 0 0 0 0 0 0 0
EZ‘:\;im”'demd 2 17 16 16 8 1 0 0 0 0
Red-tailed Hawk 32 23 23 22 5 3 1 1 0 0
;2"\’;';'5'“”"“ 9 6 6 6 0 1 0 0 0 0
Spotted Owl 2 1 1 1 0 0 0 0 0 0
Swainson's Hawk 1 1 1 1 0 0 0 0 0 0
Turkey Vulture 6 5 5 5 2 0 1 0 1 0
gv;lstern Screech 3 1 1 1 0 0 0 0 0 0
Total 194 131 128 124 42 10 6 1 5 0

1. Animals may be positive for more than one rodenticide.
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Table 4. Number of each mammalian (n=298) species that was positive for a rodenticide, that
was positive for a first or second generation anticoagulant rodenticide, and that was for each

rodenticide'.

Species N || Positive 2nd. Brodifacoum | Bromadiolone | Difethialone ISt . Chlorophacinone | Diphacinone | Warfarin
generation generation

Badger 3 1 0 0 0 1 1 1 0
Black Bear 3 3 3 3 3 0 2 2 2 0
Bobcats 41 36 35 31 26 11 15 1 13 1
Coyotes 44 36 33 33 12 4 8 4 6 1
Deer 1 0 0 0 0 0 0 0 0
Gray fox 9 7 7 7 4 1 2 0 2 0
Mountain 28 28 28 27 26 11 18 3 17 2
Lions
Pig (Feral) 1 1 0 0 0 0 1 0 1 0
Raccoons 6 4 4 4 4 0 1 0 1 0
Red fox 37 35 35 30 25 2 4 0 4 0
San Joaquin | 17 76 76 70 35 2 7 6 1 0
kit fox
Skunk (any) 7 5 5 5 4 0 0 0 0 0
Squirrel 5 2 2 2 0 0 0 0 0 0
(any)
Virginia 3 3 3 3 2 0 0 0 0 0
Opossum
Total 298 237 231 215 141 31 59 17 48 4

1. Animals may be positive for more than one rodenticide.

Comparisons to Wildlife LDsgs

A LDsy is the dose (in mg/kg) of a chemical that a species consumes that is lethal to 50% of the
animals of that species tested. A LCs is the concentration (in parts per million (ppm)) of a
chemical that produces mortality in 50% of the animals to which it is exposed (normally in the
air or water) in a given period of time. U.S. EPA has established guidelines for the LDsos and

LC5()S.

Table 5. Descriptive toxicity categories for wildlife compared to the LDsos and LCsgs.

Descriptive Term

Mammal and Avian LDs,

Mammal and Avian LCs,

Extremely Toxic <10 mg/kg <50 ppm
Highly Toxic 10 — 50 mg/kg 50 — 500 ppm
Moderately Toxic 50 - 500 mg/kg 500 — 1,000 ppm

Slightly Toxic 500 — 2,000 mg/kg 1,000 — 5,000 ppm

Relatively Non-Toxic

> 2,000 mg/kg

> 5,000 ppm
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Table 6 lists the LDsps and the descriptive toxicities (based on the U.S. EPA’s Pesticide
Assessment Guidelines) for the nine rodenticides for the most sensitive birds and mammals.

Table 6. Most sensitive LDsy and descriptive toxici‘[y1 for birds and mammals for nine

rodenticides.
Most sensitive Descriptive Toxicity Most sensitive Descriptive Toxicity
Rodenticide LDs, for Birds® | for the most sensitive | LDs, for Mammal® | for the most sensitive
Type of Rodenticide (in mg/kg) Birds LDs (in mg/kg) Mammal L.Ds
Brodifacoum 0.26 Extremely Toxic 0.13 Extremely Toxic
Second Generation Bromadiolone 138 Moderately Toxic 0.56 Extremely Toxic
Anticoagulant - 3 - . -
Rodenticides Difenacoum 66 Moderately Toxic 0.45 Extremely Toxic
Difethialone 0.26 Extremely Toxic 0.29 Extremely Toxic
First Generation Chlorophacinone >100 Moderately Toxic 0.49 Extremely Toxic
Anticoagulant Diphacinone 96.8" Moderately Toxic 0.2 Extremely Toxic
Rodenticides Warfarin 620 Slightly Toxic 2.5 Extremely Toxic
Bromethalin 4.6 Extremely Toxic 2.0 Extremely Toxic
Non-Anticoagulant . . - ;
Rodenticides Cholecalciferol >600 Slightly Toxic 5.5 Extremely Toxic
Zinc phosphide 8.8 Extremely Toxic 26 Highly Toxic
1. From the EPA Pesticide Assessment Guidelines (U.S. EPA, 2011).
2. Data summarized from Erickson and Urban, 2004, except where noted.
3. U.S.EPA, 2007.
4. Rattner et al, 2011.

The data indicate that the second generation anticoagulant rodenticides brodifacoum and

difethialone are extremely toxic to both birds and mammals. The second generation

anticoagulant rodenticides bromadiolone and difenacoum are moderately toxic to birds, but

extremely toxic to mammals.

It is important to note that LDs tests are run in a laboratory setting, where the animals are not
subject to the need to forage, or to predation or pathogen pressures. Additionally, the LDs
considers only one endpoint: mortality. Multiple studies (Eason et al (1996), Fisher (2009), and
Naz et al (2011)) have shown that even sub-lethal doses can cause clotting, biochemical
(including glucose and liver function markers), and physiological abnormalities (including
statistically significant decreased body weight, increased liver size, increased heart size, and

increased kidney size), which could or did cause mortality in the laboratory setting.

Field and epidemiological studies can provide additional information about what happens in non-
laboratory situations. Dowding et al (1999) analyzed brodifacoum concentrations in the livers of
cats, rabbits, and birds found dead or euthanized on Motuihe Island following a Norway rat and

house mouse eradication operation in August 1997. Three cats found dead had liver brodifacoum
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concentrations of 0.91 to 1.38 ppm. Five rabbits found dead on the island had liver
concentrations of 0.05 to 2.01 ppm. Twenty-nine non-target birds (including ducks, raptors, and
songbirds) that were found dead had liver concentrations of 0.12 to 2.31 ppm. The incidence of
mortality 2 weeks after the eradication was 49% in the pukeko flock (order: Gruiformes; a coot)
and 60% in the paradise shelduck flock (order: Anseriformes; a duck). It is likely, given their
behavior and eating habits, that the rabbits and paradise shelduck directly consumed the bait,
while the cats and raptors would most likely have consumed prey items that had consumed the
bait. Depending upon the species, circumstances, and individual involved, the songbirds and
pukeko may have directly consumed the bait and/or consumed prey that consumed the bait.

Riley et al (2007) found that all 19 of the bobcats that died due to severe notoedric mange were
exposed to second generation anticoagulant rodenticides, with brodifacoum ranges from trace to
0.56 ppm. Morbidity or mortality due to notoedric mange had not previously been reported as a
significant pathogen in wild felid. The study demonstrated that where the levels of second
generation anticoagulant rodenticides were more than 0.05 ppm, the association to mange (and
mortality) was “highly significant.” This indicates that a reduced immune response to pathogens
and parasites, and an increased reaction to trauma are possible sequels of anticoagulant exposure.
Second generation rodenticides are known to cause lethargy, shortness of breath, anorexia,
bloody diarrhea, changes in behavior, potential heart damage, and tenderness of the joints (Cox
and Smith (1992), Housenger and Melendez (2011), IPCS (2010), Littin et al (2000), Merck
Sharp & Dohme Corp (2011), Munday and Thompson (2003), Naz et al (2011), Rahmy (1993),
Shlosberg and Booth (2001), Valchev (2008), and Woody et al (1992)). Therefore, even sub-
lethal exposure to anticoagulants may contribute to the disease process or receiving trauma, and
hence the mortality in a wild animal.

Because mg/kg is equivalent to ppm, the concentration of brodifacoum in the liver (which is in
ppm), while not always an accurate reflection of the amount of brodifacoum ingested (which is
in mg/kg), demonstrates exposure. Additionally, by comparing the concentration of brodifacoum
in the liver (ppm) to the LDso (mg/kg), the concentration of the rodenticide in the liver can be
used to determine the potential mortality. For example, Eason et al (1996) dosed the Common
Brushtail Possum (Trichosurus vulpecula) with 0.1 mg/kg and found mean liver concentrations
of 0.100 ppm 14 days after dosing, 0.109 ppm 63 days after the dosing, and 0.075 ppm 126 days
after dosing. However, because the liver collects the rodenticide, the rodenticide can be found at
a higher concentration in the liver than in the animal at a whole. Fisher et al (2003) dosed rats
with 0.1 mg/kg brodifacoum and found the mean liver residue concentration after one week to be
1.27 ppm, after 18 weeks to be 0.59 ppm, and after 24 weeks to be 0.49 ppm. Additionally,
Eason et al (1999) dosed pigs with brodifacoum in single dietary doses of 0.57 ppm, 0.96 ppm,
and 1.94 ppm and then analyzed their livers on the fifth day. When the pigs consumed
approximately 0.57 mg/kg, 0.96 mg/kg, and 1.94 mg/kg, the resulting brodifacoum concentration
in the liver was 1.13 ppm, 1.08 ppm, and 1.05 ppm, respectively. If the whole body
concentration of brodifacoum were analyzed, instead of the just the concentration in the liver, the
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concentration would be significantly lower. However, because the liver collects the rodenticide,
the liver is analyzed, which allows for the determination of exposure.

Of the 492 animals included in this analysis, 368 (approximately 75%) had residues of at least
one first and/or second generation anticoagulant rodenticide. Table 7 quantifies the number and
percent of samples that had residues (including trace residues), those which had measurable (i.e.,
non-trace) residues, and those which had residues above the most sensitive LDs.
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Table 7. Number (and percent) of animals that had anticoagulant rodenticide residues (including trace residues), had
measurable (i.e., non-trace) residues, and that had anticoagulant levels above the most sensitive LDs, (n=492)".

Bromadiolone

Rodenticide Avian Mammal Total
Total Number of samples 194 (100%) 298 (100%) 492 (100%)
Any Total Number with no residues’ 63 (32.5%) 61 (20.5%) 124 (25.2%)
Total Number of positive samples® 131 (67.5%) 237(79.5%) 368 (74.8%)
Total Number with no residues® 70 (36.1%) 83 (27.9%) 153 (31.1%)
Brodifacoum Total Number of positive samples® 124 (63.9%) 215 (72.1%) 339 (68.9%)
Number with measurable residues® 107 (55.2%) 199 (66.8%) 306 (62.2%)
Number above the most sensitive LDs,’ 26 (13.4%) 85 (28.5%) 111 (22.6%)
Total Number with no residues’ 152 (78.4%) 157 (52.7%) 309 (62.8%)

Total Number of positive samples®

42 (21.6%)

141 (47.3%)

183 (37.2%)

. . 4
Number with measurable residues

26 (13.4%)

111 (37.2%)

138 (28.0%)

Number above the most sensitive LDs,> 0(0.0%) 38 (12.8%) 38 (7.7%)

Number with no residues? 184 (94.8%) 267 (89.6%) 451 (91.7%)
o Total Number of positive samples® 10 (5.2%) 31 (10.4%) 41 (8.3%)

Difethialone

Number with measurable residues® 5(2.6%) 4 (1.3%) 9 (1.8%)
Number above the most sensitive LDs,’ 5 (2.6%) 4 (1.3%) 9 (1.8%)

Number with no residues? 193 (99.5%) 250 (83.9%) 439 (89.3%)
. Total Number of positive samples’ 1(0.5%) 17(5.9%) 18 (3.7%)

Chlorophacinone

Number with measurable residues® 0 (0.0%) 11 (3.7%) 11 (2.2%)
Number above the most sensitive LDs,’ 0 (0.0%) 3 (1.0%) 3(0.6%)

Number with no residues? 189 (97.4%) 250 (83.9%) 439 (89.3%)

. . Total Number of positive samples® 5(2.6%) 48 (16.1%) 53 (10.8%)

Diphacinone

Number with measurable residues® 3(1.5%) 17 (5.7%) 20 (4.1%)
Number above the most sensitive LDsy> 2 (1.0%) 10 (3.4%) 12 (2.4%)

Number with no residues? 194 (100.0%) | 294 (98.7%) 488 (99.2%)
. Total Number of positive samples® 0 (0.0%) 4 (1.3%) 4 (0.8%)

Warfarin

Number with measurable residues® 0 (0.0%) 2(0.7%) 2(0.4%)
Number above the most sensitive LDs,’ 0 (0.0%) 0 (0.0%) 0 (0.0%)

1. Animals may be positive for more than one rodenticide.

2. The number of samples with no residues is the number of samples that did not have trace or measurable amounts in it.

It can be added to the Number of Total Number of positive samples to get the Total Number of samples.

3. The samples that tested positive for a sample may have had trace (i.e., when the rodenticide is known to be present but
its level is so low that it cannot be quantified) or measurable (i.c., when the amount of a rodenticide can be put into a
number) amounts of the rodenticide. It can be added to the Number of samples with no residues to get the Total
Number of samples.

4. The number of samples with measurable or quantifiable residues includes only the samples where the amount of a
rodenticide can be put into a number (i.e., it does not include the trace detections). This is part of the Total Number of
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positive samples, but does not include the trace samples (i.e., the Total Number of positive samples minus Number with
measurable residues will equal the number with trace residues). For this reason, this number should not be added to any
of the other categories.

5. The number of samples above the LDs, includes only those samples that have measurable residues and that are above
the most sensitive LDs, (a measurable amount) for the species (listed in Table 6). This is part of the Number with
measurable residues, but lacks those that are not above the LDs (i.e., the Number with measurable residues minus the
Number above the most sensitive LDsy will equal the number that fell between those that had measurable detections
and those that were above the LDs,). For this reason, this number should not be added to any of the other categories.

Brodifacoum residues were found in approximately 69% of samples and in those samples
brodifacoum residues were above the most sensitive LDsy approximately 23% of the time.
Bromadiolone residues were found in approximately 37% of samples and in those samples
bromadiolone residues were above the most sensitive LDsy approximately 8% of the time.
Difethialone residues were found in approximately 8% of samples and in those samples
difethialone residues were above the LDsj approximately 2% of the time.

While residues above the LDs, indicates that some of these animals could have died due to the
concentrations of the rodenticide seen in their liver, it is difficult to definitely correlate exposure
to the cause of death of an individual, without evidence of coagulopathy at necropsy.

Necropsies
Out of the 492 animals analyzed, 211 necropsies (including 124 birds and 87 mammals) were

conducted. The 80 necropsies presented to DPR for evaluation were conducted by veterinarians
(including both those with advanced training in pathology and those without advanced training in
pathology) and non-veterinarians, and were assessed accordingly. The remaining necropsies
were present in Lima and Salmon’s and Riley et al’s papers.

Of the 211 necropsies, 38 (approximately 19%) indicate that anticoagulant rodenticides
contributed to or could be correlated to morbidity (i.e., disease), but were not the cause of death,
or more information or analysis was needed to establish the cause of death. Thirty-three (33) of
the necropsies (approximately 16%) indicate that anticoagulant rodenticides were likely a cause
of death or the cause of death. Of the 33 cases where anticoagulant rodenticides were the most
likely cause of death, second generation rodenticides were involved in 29 cases (approximately
14%). Specifically, brodifacoum was involved in 28 cases (approximately 13%), and
brodifacoum was likely the sole or primary cause of death in 20 cases (approximately 9%).
Additionally, bromadiolone was involved in 7 cases (approximately 3%). Table 8 summarizes
the results.
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Table 8. Summary of the rodenticides identified as the likely cause of death (based on necropsy
results), the concentration(s) of the individual rodenticide(s), and the total rodenticides
concentration in the liver of the animal.

Birds Mammals Number Primary Rodenticide(s) Rodenticide Total Rodenticide
(n=124) (n=87) (n=211) Involved Concentration (ppm) | Concentration
9 (7.3%) 11 (12.6%) 20 (9.5%)" | Brodifacoum Trace to 11.0 Trace to 11.0
i 0.07 to 0.57
4 (3.2%) 2(2.3%) 6 (2.8%)y | Brodifacoum ° 038 to 1.84
Bromadiolone 0.065 to 1.27
1 (0.8%) 0(0.0%) 1(0.5%)’ | Bromadiolone 0.38 0.38
i 0.002 to 0.08
1.(0.8%) 1 (1.1%) 2(1.0%)! | Brodifacoum 0.171 to 1.38
Diphacinone 0.169 to 1.30
2 (1.6%) 0 (0.0%) 2 (1.0%)° Diphacinone Trace to 3.5 Trace to 3.5
0 (0.0%) 2 (2.3%) 2 (1.0%)° Chlorophacinone 0.4to01.2 0.4to1.2
17 (13.7%) | 16 (18.4%) | 33 (15.6%)" | Total

1. The 9 birds were a Cooper’s Hawk, a Turkey Vulture, 2 Barn Owls, 2 Great Horned Owls, and 3 Golden Eagles. The 11
mammals were a mountain lion, an opossum, a red fox, an endangered San Joaquin kit fox, 2 bobcats, 2 fox squirrels, and 3
coyotes.

The 4 birds were 2 Barn Owls and 2 Great Horned Owls. The 2 mammals consisted of 2 mountain lions.

The bird was a Barn Owl.

The bird was a Barn Owl. The mammal was a coyote.

The 2 birds were a Bald Eagle and Turkey Vulture.

The 2 mammals were a coyote and a bobcat.

The 17 birds were a Bald Eagle, a Cooper’s Hawk, 2 Turkey Vultures, 3 Golden Eagles, 4 Great Horned Owls, and 6 Barn
Owls. The 16 mammals were an opossum, a red fox, an endangered San Joaquin kit fox, 2 fox squirrels, 3 bobcats,

3 mountain lions, and 6 coyotes.

Nk

Of the 29 necropsies where second generation anticoagulant rodenticides were the likely cause of
death, the overall levels of second generation anticoagulant rodenticides ranged from trace to
11.0 ppm. In the 20 cases where brodifacoum was the primary or sole compound that caused
mortality, brodifacoum residues ranged from trace to 11.0 ppm.

Animal Descriptions and Habitat

The Migratory Bird Treaty Act of 1918 prohibits the take of native birds (including killing or
causing the death of a bird) without a permit. Additionally, Bald and Golden Eagles are further
protected by the Bald and Golden Eagle Protection Act of 1962. The majority of the birds
analyzed in this paper are carnivores that are likely exposed to rodenticides either by secondary
or tertiary exposure. The Barn Owl and the Great Horned Owl1 are nocturnal raptors. The Barn
Owl prefers to hunt in open country and along the edges of woods (in rural and natural areas),
but also lives in urban and suburban areas. They primarily eat rodents, but will also eat other
small mammals, birds, and invertebrates (Rocha et al (2011) and Pezzo and Morimando (1995)).
Great Horned Owls prefer woodlands (natural) and rural areas, but will live in natural, rural,
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suburban, and urban areas. They primarily eat small or medium mammals (such as rabbits,
squirrels, and rodents), but will also eat larger mammals, birds (including other raptors), reptile,
amphibian, and fish (Marti and Kochert (1996)).

Bald Eagles, Cooper’s Hawks, Golden Eagles, Red-shouldered Hawks, Red-tailed Hawks, and
Turkey Vultures are diurnal raptors. Bald Eagles tend to live among trees near water, and prefer
natural or rural areas (Guinn (2004)). They primarily eat fish, but will also eat carrion, mammals,
avian (including other raptors), reptiles, amphibians, and invertebrates (Peterson (1986)).
Cooper’s Hawks are agile fliers that fly through thick cover (including trees, vegetation, and
buildings) to catch its prey. They prefer wooded and forested areas, but live in urban, suburban,
rural, and natural areas. They primarily prey upon on birds, but will also eat mammals (Roth and
Lima (2003)). Golden Eagles prefer nesting on mountains and hunting in open areas, such as
rural areas (non-agricultural) and natural areas (Carrette et al (2000) and Marzluff et al (1997)).
They primarily eat rabbits and squirrels, but will take prey weighing 1 to 15 pounds, including
mammals, birds (including other raptors), reptiles, amphibians, fish, insects, and carrion (Bloom
and Hawks (1982), and Steenhof and Kochert (1998)). The Red-shouldered Hawk prefers to live
in woodlands (natural areas), especially near rivers or swamps, but will live in suburban and
rural areas. They primarily prey upon small mammals (especially rodents), but will also consume
reptiles, amphibians, birds, and crayfish (Jacobs and Jacobs (2002)). The Red-tailed Hawk
prefers to live in open (rural or natural) areas, but also live urban and suburban areas. They
primarily prey upon rodents, but will also consume other mammals (including predators), birds
(including other raptors), reptiles, amphibians, and insects (Gatto et al (2005), and Steenhof and
Kochert (1998)). Turkey Vultures prefer open areas, such as rural and natural areas. Their diet is
almost exclusively composed of carrion, including small and large mammals, birds, reptiles, and
fish (Hiraldo et al (1991a) and Hiraldo et al (1991Db)).

Some of the mammals analyzed in this paper included bobcats, mountain lions, coyotes, red foxes,
San Joaquin kit foxes, fox squirrels, opossum, and skunks. Bobcats and mountain lions are solitary
animals and strict carnivores (normally only eat meat). Mountain lions tend to found primarily in
rural and natural areas. A mountain lion’s diet is primarily composed of ungulates (primarily deer),
although they will also eat rodents, insects, and predators (including coyotes), depending upon
location, season, and abundance (Blakenship (1995), Iriarte et al (1990), and Riley et al (2007)).
They are most likely to be exposed to rodenticides by tertiary exposure, although secondary
exposure is possible. Bobcats prefer woodland (natural areas), but will live in rural areas, in some
suburban areas, as well as on the edges of urban areas. They primarily consume rodents and rabbits,
although they will also consume insects, reptile, and larger prey (including deer), depending upon
availability, season, and preference (Blakenship (1995) and Litvaitis (1981)). They are most likely
to be exposed by secondary exposure, although tertiary exposure is possible.

Coyotes are a medium sized generalist predator that can live in urban, suburban, rural, or natural
environments. They primarily eat small mammals (such as rodents, rabbits, and squirrels), but
will also eat birds, snakes, deer, seed, and fruit (Blakenship (1995)). There are three red fox
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species in California: the Sacramento Valley red fox, the Sierra Nevada red fox, and the non-
native red fox (Sacks et al (2010)). Although the subspecies can differ in distribution,
appearance, and behavior, the red fox will, in general, live in urban, suburban, rural, and natural
environments. They are crepuscular animals that primarily eat rodents, but their diet also
includes birds, insects, other mammals (including other predators), small deer, fish, fruit, carrion,
and refuse (Lariviere and Pasitschniak-Arts (1996), and Papakosta et al (2010)). The San Joaquin
kit foxes are a small (approximately five pounds) canid that is federally listed as endangered.
They are only found in the San Joaquin Valley and Central Coast of California, but they live in
urban (including downtown Bakersfield), suburban, rural, and natural areas. They primarily eat
rodents (including kangaroo rats), rabbits, and squirrels, but will also consume reptiles, insects,
birds, carrion, fruit, and refuse (Frost (2005)), McGrew (1979)) and Warrick et al (2007)),
depending upon season, availability, and location. Coyotes and foxes most likely ingest
rodenticides secondarily (by ingesting a rodent or squirrel), although they could be exposed via
tertiary exposure or by directly consuming it.

Fox squirrels prefer forested areas, but can be found in urban, suburban, rural, and natural
environments. They consume tree seeds, tree buds, tree flowers, bird eggs, and mushrooms (Lee
et al (2001)) and Koprowski (1994)). They are most likely exposed to rodenticides through direct
ingestion. Virginia opossums are a marsupial. They can live in urban, suburban, rural, and
natural environments. Opossums are opportunistic omnivores, eating insects, plants, fruit,
mammals (carrion and rodents), birds, reptiles, and refuse (McManus (1974)). They are most
likely exposed to rodenticides by direct consumption or secondary exposure. Skunks live in
urban, suburban, rural, and natural areas. They are crepuscular omnivores that eat primarily
insects, but will also eat vertebrates, carrion, eggs, fruit, leaves, grains, nuts, and refuse
(Kasparian et al (2002) and Wade-Smith and Verts (1982)). They most likely ingest rodenticides
by secondary exposure, but may also be exposed by tertiary exposure or direct ingestion the
rodenticide.

Location & Land Use

Of the 492 animals, counties were provided for 491 of them and more precise locations (i.e.,
urban, rural, natural/wild area based on population and/or land use) were provided for

198 animals. DPR looked at the location where each of the animals analyzed were found to see if
they represent California as a whole, and to determine whether the animals were found in
predominately urban, rural, or natural (wild areas) settings.

The 492 animals came from at least 35 California counties, including Alameda, Colusa, Contra
Costa, El Dorado, Fresno, Glenn, Kern, Kings, Los Angeles, Madera, Marin, Mendocino,
Merced, Monterey, Napa, Orange, Placer, Riverside, Sacramento, San Benito, San Bernardino,
San Diego, San Francisco, San Joaquin, San Luis Obispo, San Mateo, Santa Clara, Santa Cruz,
Sonoma, Solano, Stanislaus, Sutter, Tulare, Ventura, and Yolo.
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The map below shows all the counties from which animals were analyzed.

SISKIYOU MODOC

SAN BERNARDINO
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Figure 1. Counties in California from which animals were analyzed, as indicated by a .

The data indicate that animal’s positive for anticoagulant residues were found in urban and rural
settings, as well as nature preserves. For example, Lima and Salmon’s (2010) data indicate that
residues of second generation anticoagulant rodenticides were found more often in raptors in
San Diego County, than in raptors from the Central Valley. See Table 9.
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Table 9. Number of raptors analyzed that had anticoagulant rodenticide residues (including trace
residues) by region from 2006 to 2009 (n = 96 raptors)'.

Region Number Second Generation Anticoagulant First Generation Anticoagulant

of samples Rodenticides Rodenticides

analyzed Brodifacoum Bromadiolone | Difethialone Chlorophacinone | Diphacinone | Warfarin
iz?lftlyeg" 53 49 (92.4%) | 22 (41.5%) | 8(15.1%) | 0 (0.0%) 0(0.0%) | 0(0.0%)
Central Valley 43 25(58.1%) | 5(11.6.0%) | 0 (0.0%) 1 (2.3%) 0 (0.0%) 0 (0.0%)
Total 96 75 (78.1%) | 28 (29.2%) | 8(8.3%) 1 (1.0%) 0 (0.0%) 0 (0.0%)

1. Animals may be positive for more than one rodenticide.
2. Data differs from Lima and Salmon’s Table 3.

In San Diego County, there was no statistical difference between the percentage of animals with
residues of brodifacoum, bromadiolone, and difethialone in rural areas (as defined by population)
and urban areas (using Preacher (2001)), even though bromadiolone residues were found in a
higher percentage of urban samples than in the rural samples. See Tables 10 and 13, below.

Table 10. Number of raptors analyzed that had anticoagulant rodenticide residues (including
trace residues) by population density/land use within San Diego County from 2006 to 2009

(n=53 raptors) .

Popu@atlon N“mber oif Brodifacoum Bromadiolone Difethialone
Density Animals
Urban 17 16 (94.1%) 9 (52.9%) 3 (17.6%)
Unknown 1 0 (0.0%) 0 (0.0%) 0 (0.0%)
Rural 35 33 (94.3%) 13 (37.1%) 5 (14.3%)

8 (15.1%)
Total 53 49 (92.5%) 22 (41.5%)

1. Samples may be positive for more than one rodenticide.

2. None of the samples were positive for a first generation anticoagulant rodenticide.

Of the 120 animals analyzed from the San Joaquin kit fox data (CDFG (2011) and CDFG
(2012b)), including 110 San Joaquin kit fox, 1 badger, 1 bobcat, 2 coyotes, 2 skunks, and 4 red
foxes, approximately 80% of the animals from Bakersfield (an urban area) had residues of
brodifacoum. Only 30% of the animals had residues of brodifacoum from “other locations” in
Kern, San Benito, San Luis Obispo, and Tulare counties (which could include urban, suburban,
rural, agricultural, and/or natural areas) and none of the animals from Lokern (a 40,000 acre
natural area, designed to provide quality brush scrub habitat for threatened and endangered plants
and animals) had residues of brodifacoum. However, one animal collected from Lokern (in
2007) was positive for bromadiolone. See Tables 11 and 13, below.
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Table 11. Number of animals analyzed that had anticoagulant rodenticide residues (including

trace residues) by location (land use and County) from 1999 to 2011 (n=120)"*.

i Second Generation Anticoagulant First Generation Anticoagulant
Locat17n (Land County | Number Rodenticides Rodenticides
use/type) Brodifacoum | Bromadiolone | Difethialone | Chlorophacinone | Diphacinone
Bakersfield (Urban) Kern 75 60 (80.0%) 29 (38.7%) 0 (0%) 6 (8.0%) 2 (2.7%)
Unknown Kern 10 7 (70.0%) 8 (80.0%) 2 (20.0%) 1 (10.0%) 0 (0%)
Other’ Various 20 6 (30.0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Lokern (Natural
Area) Kern 15 0 (0%) 1 (6.7%) 0 (0%) 0 (0%) 0 (0%)
Total 120 73 (60.8%) 38 31.7%) 2 (1.7%) 7 (5.8%) 2 (1.7%)
1. Samples may be positive for more than one rodenticide.
2. None of the samples were positive for warfarin.
3. “Other” includes areas in Kern, San Benito, San Luis Obispo, and Tulare counties which could include

urban, suburban, rural, agricultural, and/or natural areas.

Multiple studies have been conducted on coyotes, bobcats, and mountain lions, in Los Angeles
and Ventura Counties, in urban and rural areas, including in the Santa Monica Mountains
National Recreation Area (SMMNRA). The SMMNRA preserve is over 150,000 acres in the
Santa Monica Mountains, between the Pacific Ocean and the inland valley. It contains many
individual parks and open spaces, and is administered by the National Park Service (NPS), in
conjunction with multiple state and local agencies and groups. While some parks and spaces
within the park do not use second generation anticoagulant rodenticides, at least one facility in
the NPS uses bromadiolone inside tamper-proof boxes (Miller, 2012).

Of the 28 mountain lions found in eight counties that were tested between 1997 and 2011,

100% tested positive for a second generation rodenticide, approximately 96% tested positive for
brodifacoum, 93% tested positive for bromadiolone, and 39% tested positive for difethialone
(almost all of the mountain lions were positive for more than one rodenticide). In their study of
mountain lions and bobcats in the Santa Monica Mountains (including in the SMMNRA) and
Simi Hills of Los Angeles and Ventura Counties, Riley et al (2007) found that mountain lions
were “less urban-associated than bobcats... but both mountain lions... diagnosed with
anticoagulant intoxication died after spending the bulk of their last month in the most developed
parts of their home ranges.” Additionally, a mountain lion’s diet is primarily composed of
ungulates (primarily deer), although they will also eat rodents, insects, and smaller predators,
depending upon location, season, and abundance (Iriarte et al (1990) and Riley et al (2007)).
However, Riley et al (2007) found that “coyotes made up 15% and 7% of the kills for the 2 lions
that died of anticoagulant intoxication.” This suggests that the mountain lions that died due to
anticoagulant toxicity spent more time in the developed part of their home ranges and were

consuming more coyotes than the mountain lions that died due to other causes.
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Of the 41 bobcats found in five counties and analyzed between 1995 and 2010, approximately
85% tested positive for second generation rodenticides, 76% tested positive for brodifacoum,
63% tested for bromadiolone, and 26% tested positive for difethialone (most of the coyotes
tested positive for more than one rodenticide). Between 1995 and 2003, Riley et al (2007)
analyzed 35 bobcats in the Santa Monica Mountains (including in the SMMNRA) and Simi Hills
of Los Angeles and Ventura Counties. Approximately, 94% tested positive for second generation
rodenticides, 82% tested positive for brodifacoum, 71% tested for bromadiolone, and 29% tested
positive for difethialone. All nineteen bobcats that died due to severe notoedric mange also tested
positive for second generation anticoagulant rodenticides, with brodifacoum ranging from trace
to 0.56 ppm. In bobcats with levels of more than 0.05 ppm, the association to mange (and
mortality) was “highly significant,” with a p-value < 0.01 (using a Mann-Whitney U test or a
Fisher’s Exact test). Bobcats are considered strict carnivores and primarily consume rodents and
rabbits, although they will also consume insects, reptile, and larger prey (including deer),
depending upon availability, season, and preference (Litvaitis (1981)).

Of the 44 coyotes found in seven counties and analyzed between 1998 and 2010, approximately
75% tested positive for second generation rodenticides, 75% tested positive for brodifacoum,
27% tested for bromadiolone, and 9% tested positive for difethialone. Coyotes found in the
SMMNRA (a natural area), in “urban” areas of Los Angeles and Ventura Counties, and unknown
areas of Los Angeles and Ventura Counties between 1997 and 2003 were analyzed for
rodenticides (Riley, 2012). Out of 25 coyotes, 76% tested positive for brodifacoum, 32% tested
positive for bromadiolone, and 16% tested positive for difethialone. There was no statistically
significant difference (using Chi-square) between the urban and the natural areas. Tables 12 and
13 summarize the results.
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Table 12. Number of coyotes analyzed that had anticoagulant rodenticide residues (including
trace residues) by location (land use) within Los Angeles and Ventura Counties from 1997 to
2003 (n=25)"".

First G tion Anti lant
Land type/ Number of | Second Generation Anticoagulant Rodenticide 1S en;ra éon ; }(111coagu an
Population Covot odenticide
Density oyotes Brodifacoum | Bromadiolone | Difethialone | Chlorophacinone | Diphacinone
Urban 14 11 (78.6%) 6 (42.9%) 4 (28.6%) 1 (7.1%) 2 (14.3%)
Unknown 5 4 (80%) 1 (20%) 0 (0%) 0 (0%) 0 (0%)
SMMNRA o o y 0 0
(Natural Area) 6 4 (66.7%) 1 (16.7%) 0 (0%) 0 (0%) 2 (33.3%)
Total 25 19 (76%) 8 (32%) 4 (16%) 1 (4%) 4 (16%)

1. Samples may be positive for more than one rodenticide.

2. None of the samples were positive for warfarin.

DPR analyzed the coyotes from Los Angeles and Ventura Counties, Lima and Salmon’s raptor
study, and the San Joaquin kit fox study, as a group so that the results could be compared. DPR
analyzed the animals by location (using land use and/or population density) for rodenticides. See
Table 13, below.
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Table 13. Number of animal analyzed that had anticoagulant rodenticide residues (including
trace residues) by land use and/or population density from 1997 to 2011 (n=209)".

First Generation Anticoagulant
Land 'f}g):r/l Eﬁglﬂation Number Second Generation Anticoagulant Rodenticides Rodenticides
Brodifacoum®” Bromadiolone™ Difethialone®” Chlorophacinone Diphacinone
Urban”**" 115 96 (83.4%)™ | 41 (35.7%)" 4 | 7 (3.40)" 404 8 (7.0%) 4(6.1%)
Unknown® 16 11 (68.8%) 9 (56.3%) 2 (12.5%) 1(6.3%) 0 (0%)
Other” 20 6 (30.0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Rural®®® 35 33 (94.3%)% | 13 (37.1%)" 4% | 5 (14.305)*4c4 0 (0%) 0 (0%)
Natural®®’ 23 6 (26.1%)™ 2 (8.6%) - 4e4d 0 (0%)*>:4e4d 1 (4.3%) 3 (13.0%)
T"?Iii‘r’rf;ﬁese 209 152 (72.7%) 66 (31.6%) 14 (6.7%) 10 (4.8%) 7(3.7%)
‘:;fiz(;’ggg 492 339 (68.9%) 183 (37.2%) 41 (3.3%) 18 (3.7%) 53 (10.8%)

1. Animals may be positive for more than one rodenticide. No animal was positive for warfarin.

2. Using a Chi-square test (with a Yates correction for continuity when appropriate (i.e., at least 20% of the
cells had a frequency of less than 5 (per (a) Preacher (2001), (b) calculation, and/or (¢) both))), the three
second generation anticoagulant rodenticides (as a group, using the actual numbers in the table (i.e., not the
percentages)) were analyzed at each land use type (compared to the average). When the notations differ (2a
through 2b), the locations differ statically significantly (p<0.05) from each other (Preacher (2001)).

Additionally, when urban, rural, natural, and average were compared to each other using a 4 by 3
contingency table using Chi-square (Preacher (2001)) using a statically significantly of p<0.05, a

significant difference was found. However, when the Yates correction is applied, there is no significant

difference between all three groups.

3. Using a Chi-square test (with a Yates correction for continuity when appropriate), the data for urban, rural,
and natural, and an alpha of 0.05, each rodenticide was analyzed to determine if location has no influence
on the observed frequencies. Rodenticides with a * had a significant difference, indicating that location had
an influence on the observed frequency. Rodenticides with a * did not have a significant difference,
indicating that location did not have a significant influence on the observed frequencies (Preacher (2001)).

4. Using a Chi-square test (with a Yates correction for continuity when appropriate, Preacher (2001)), the
three second generation anticoagulant rodenticides (individually, using the actual numbers in the table (i.e.,
not the percentages)), were analyzed at each location. When the notations differ (4a through 4c), the
locations differ statically significantly (p<0.05) from each other.

5. The urban animals include: 1 badger, 1 skunk, 2 Cooper’s Hawks, 2 Red-tailed Hawks, 2 Sharp-shinned
Hawks, 4 Red-shouldered Hawks, 4 red foxes, 7 Barn Owls, 24 coyotes, and 69 San Joaquin kit foxes.

6. The animals from Unknown areas include: 1 Great Horned Owl, 5 coyotes, and 10 San Joaquin kit foxes.

7. The animals from Other areas include: 1 bobcat, 1 skunk, and 18 San Joaquin kit fox. Other Locations were
designated by the study authors and include areas in Kern, San Benito, San Luis Obispo, and Tulare
counties and could include urban, suburban, rural, agricultural, and/or natural areas.

8. The animals from Rural areas include: 1 American kestrel, 1 hawk, 2 Great Horned owls, 2 Sharp-shinned
hawks, 4 Red-tailed hawks, 7 Red-shouldered hawks, 8 Cooper’s hawks, and 10 Barn owls.

9. The animals from Natural areas include: 1 black bear, 9 coyotes, and 13 San Joaquin kit fox.
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Even though Table 13 only utilizes about half of the analyzed data, and does not include bobcats,
mountain lions, foxes, coyotes, or the raptors from the CDFG data, it does include the bobcats
and mountain lions from Riley et al (2007), the raptors from Lima and Salmon (2010 and 2012),
the coyotes from Riley (2012), and the San Joaquin kit fox study from CDFG (2011 and 2012b).
It indicates that there is no significant difference between the percentages of animals found to
have residues of second generation rodenticides (individually) in rural versus urban
environments. The data also show a statistical difference between the percent of animals with
brodifacoum in the rural and urban environments as opposed to the natural environment.
Additionally, it shows that there is no significant difference in the occurrence of bromadiolone
and difethialone in rural, urban, and natural areas, even though the rodenticides occurred less
frequently in natural areas.

Rodenticide Sales/Use Rates

Two DPR databases were used to determine rodenticide use rates in California: Pesticide Use
Report (PUR) and “Report of Pesticide Mill Assessments in California” (also referred to as the
Mill Assessment Database). All agricultural pesticide use must be reported monthly to County
Agricultural Commissioners, who in turn, report the data to DPR. The PUR is a yearly
compilation of this data, (reported in total pounds of active ingredient (a.i.)). In California, the
term “agricultural use” includes pesticide applications to crops, parks, golf courses, pastures,
landscape maintenance, and roadsides/right of ways. Although not considered ‘“agricultural use,”
all applications made by licensed applicators, including structural application, public health
application, and home and garden applications, are included in the PUR database. The PUR does
not include applications of pesticides by homeowners or other non-licensed persons, including
home and garden use, most industrial uses, and most institutional uses. The Mill Assessment
Database indicates pesticide sales (in dollars) and quantity (in pounds or gallons) of all registered
pesticides sold in California.

Table 14 compares the average total pounds of first and second generation anticoagulant
rodenticide active ingredients sold per year between 2006 and 2010 in California, to the average
total pounds of reported use of the same active ingredients for the same years. DPR then
subtracted the average annual pounds sold by the average annual pounds reported used to
estimate the average annual pounds of rodenticides used by non-licensed persons. For purposes
of this analysis, DPR assumed a zero percent error between sales and unlicensed use of
anticoagulant rodenticides. However, sales and use are not directly related to each other as a
person may buy rodenticide one year, but not necessarily use the rodenticide that year or at all.
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Table 14. A comparison of the average per year (2006 to 2010) of rodenticides sold (in pounds
a.i.) to the average per year (2006 to 2010) of pounds of rodenticides reported used (PUR) (in
pounds a.i.) to an estimated pounds of use of rodenticides by non-licensed personnel (calculated
by subtracting the PUR from the total sold).

) 2 Estimated
R(};l}g;:i(c)fde Loty (1stoz)aflasiO 121/ ) (Ibs (I:EaRi (%)) Non-licensed Use®
0B e (Ibs. of a.i. (%))
Second Brodifacoum 26.58 (6.54%) 3.07 (2.66%) 23.51 (8.09%)
€Ccon
Generation Bromadiolone 51.02 (12.56%) 32.48 (28.10%) 18.54 (6.38%)
/l*{ntcilcoagl}éant Difencoum® 0.25 (0.06%) 0.015 (0.01%) 0.235 (0.08%)
odenticides
Difethialone 4.49 (1.1%) 3.64 (3.15%) 0.85 (0.29%)
First Chlorophacinone |  66.54 (16.38%) 17.42 (15.07%) 49.12 (16.79%)
Afgggg&?:m Diphacinone 226.99 (55.9%) 56.70 (49.05%) 170.29 (58.57%)
Rodenticides Warfarin 30.44 (7.49%) 2.27 (1.96%) 28.17.(9.69%)
Total Rodenticides 406.32 (100.00%) | 115.595 (100.00%) 270.485 (100.00%)

1. From the Mill Assessment Database.

2. From the PUR database. The PUR includes pesticide applications on parks, golf courses, pastures,
structural pest control, landscape maintenance, roadsides/right of ways, and crops, and all
pesticide applications made by licensed applicators.

3. Calculated by subtracting the “PUR” Use from the Total Sold. Estimates the rodenticides applied
by non-licensed applicators (i.e., homeowners, building and maintenance workers, custodians).

4. 2 year (2009 and 2010) average.

If the pounds of anticoagulant rodenticides sold or reported used in California per year seem low,
please note that the figures are in pounds of “active ingredient,” not pounds of product
containing the active ingredient. Most anticoagulant rodenticides contain around 0.002% to
0.005% active ingredient. Therefore, over 200,000 pounds of formulated product containing the
active ingredient brodifacoum were sold or used in California per year.

When reporting pesticide use to DPR, applicators must indicate a “use site.” Table 15
demonstrates how much (both in pounds of a.i. and percent) of the reported use of each
anticoagulant rodenticide, between 2006 and 2010, was identified as used on a “Public Health,”
“Regulatory Pest Control,” “Structural Pest Control,” or “Vertebrate Pest Control” use site.
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Table 15. Reported annual use for Public Health, Regulatory Pest Control, Structural Pest

Control and Vertebrate Pest Control separated out in pounds of active ingredient (Ib of a.i.) and
percentage that each use represents of the a.i. for each rodenticide of the seven anticoagulant

rodenticides between 2006 and 2010.

Type of thRa{ Public health Regulatory pest Structural pest Vertebrate pest Other Uses

Rod}gt)lticide Rodenticide (Ibs. of (Ibs. of a.i.) control (Ibs. of a.i.) control (Ibs. of a.i.) control (Ibs. of a.i.) (Ibs. of a.i.)

N (% of use) (% of use) (% of use) (% of use) (% of use)

a.i.)
Brodifacoum 3.07 0.004 (0.12%) 0.01 (0.32%) 2.62 (85.45%) 0.10 (3.10%) 0.336 (10.94%)
GS;Z:’;ﬂm Bromadiolone 32.48 0.61 (1.86%) 0.003 (0.01%) 28.11 (86.54%) 0.48 (1.49%) 3.277 (10.09%)
Anticoagulant Difenacoum’ 0.015 0 (0.00%) 0.001 (6.67%) 0.008 (53.33%) 0.001 (6.67%) 0.005 (33.33%)
Rodenticides

Difethialone’ 3.64 0 (0.00%) 0 (0.00%) 2.08 (57.20%) 0.01 (0.36%) 1.55 (42.58%)
First Chlorophacinone 17.42 0 (0.00%) 0 (0.00%) 1.50 (8.58%) 2.18 (12.54%) 13.74 (78.87%)

Agteigsglll(l):nt Diphacinone 56.70 0.19 (0.34%) 2.53 (4.47%) 39.19 (69.12%) 10.38 (18.30%) 4.13 (7.28%)
Rodenticides Warfarin 227 0.003 (0.12%) 0 (0.00%) 0.19 (8.50%) 1.70 (74.67%) 0.377 (16.61%)

1. From the PUR database. The PUR includes pesticide applications on parks, golf courses, pastures,
structural pest control, landscape maintenance, roadsides/right of ways, and crops and pesticide
applications made by licensed applicators.

2 year (2009 and 2010) average.

3. In 2010, the PUR for difethialone was likely reported in gallons instead of pounds, so a 4-year

average for the Structural Use data was utilized (2006 to 2009).

Between 2006 and 2010, of the four second generation rodenticides, bromadiolone was the
highest in terms of average annual total of pounds of active ingredient sold and reported used.
Approximately 51 pounds of bromadiolone were reported sold, and approximately 33 pounds
were reported used. Of the 33 pounds of bromadiolone reported used, approximately 87% was
for structural pest control. DPR estimates that 19 pounds of bromadiolone were used by
non-licensed persons.

Brodifacoum was the second highest second generation anticoagulant rodenticide in terms of
average annual pounds of active ingredient sold. However, it is third highest in terms of pounds
reported used. An average of approximately 27 pounds of brodifacoum active ingredient was
sold annually in California over the four years. However, only three pounds of brodifacoum were
reported used. Based on the difference between sales and reported use, DPR estimates that 89%
of brodifacoum use was by non-licensed persons (homeowners, building and maintenance
workers, custodians, etc.).

This information is not surprising as the majority of products containing brodifacoum were
marketed for use by homeowners and non-licensed personnel, whereas the structural pest control
industry has favored the use of bromadiolone. As shown in Table 14, both chemicals have been
used in structural pest control, just by different types of applicators (i.e., licensed vs. unlicensed).
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As shown in Table 15, there have been relatively few sales and/or reported use in California of
either difethialone or difenacoum. This may be a reflection of the fact that these are the most
recent second generation anticoagulant rodenticides to receive registration in California, not that
these rodenticides will not cause a problem for non-target wildlife.

Uncertainties

The scope of DPR’s analysis is limited to available data. The data show that exposure and
toxicity from second generation anticoagulant rodenticides is occurring to non-target wildlife.
However, the data do not tie that exposure/toxicity any particular rodenticide use pattern (i.e.,
indoor versus outdoor use of rodenticide). As mentioned above, DPR attempted to separate use
of second generation anticoagulant rodenticides by licensed (professional) versus unlicensed
personnel by subtracting the average pounds reported use from the average annual pounds sold.
However, sales and use are not directly related to each other as a person may buy a rodenticide
one year, but not necessarily use the rodenticide that year or at all. In addition, it is not known
how much of the “estimated use” of second generation anticoagulant rodenticides by unlicensed
persons is for industrial, institutional, home/garden, or other uses, and how much is correctly
applied, accidently mishandled, or intentionally misused. Morzillo and Mertig 2011(a) found that
only 10% of residents who used rodenticides were aware of the potential non-target effects.
Additionally, Morzillo and Schwartz (2011) found that residents attempt to control target
animals, as well as non-target pests and non-target carnivores, including San Joaquin kit fox and
coyotes.

Additionally, there are known cases of illegal use. In 2010, the Forest Service cleaned up and
restored 335 illegal marijuana sites in national forests in California, removing more than

300 pounds of pesticides (Ferrell (2011) and USDA Forest Service (2011)), including
rodenticides which are used to protect the marijuana plants from rodents. Ferrell stated that,
“anticoagulant rodenticide... contamination could contribute to continued decline of the Fisher’s
population.” Additionally, according to Gurrola (2010), in certain counties, medical marijuana
“has had problems with outdoor growers using massive quantities of rodenticides to protect their
crops from rodents,” which can cause “secondary poisoning to non-target species and...
(m)edical marijuana patients.”

Summary

The data clearly indicate that exposure and toxicity to non-target wildlife from second generation
anticoagulant rodenticides is a statewide problem. Research data from various locations
throughout California indicate that exposure is occurring in many taxa and in every ecosystem.
Mammals, birds, and even a reptile, have tested positive for second generation rodenticides.
Based on the data provided, DPR believes that the exposure of wildlife to second generation
rodenticides is a problem in both urban and rural areas. While the data show exposure, they do
not link specific uses, or location of use of second generation anticoagulant rodenticide (i.e.,
indoors versus outdoors, homeowners versus professionals) that resulted in the exposure.





Ann M. Prichard
September 19, 2012
Page 30

Additionally, although brodifacoum was found less often in the natural areas, second generation
anticoagulant rodenticides were still found in animals in natural areas.

The data also indicate that brodifacoum and difethialone are extremely toxic to both birds and
mammals. Bromadiolone and difenacoum are moderately toxic to birds, but extremely toxic to
mammals.

Brodifacoum was first registered for use in California in 1983. An average of 27 pounds of
brodifacoum active ingredient were sold each year for the last five years, 12 pounds of which
were reported used by licensed by licensed pest control applicators. While brodifacoum accounts
for approximately 7% of all anticoagulant rodenticides sold, residues of brodifacoum were found
in approximately 68% of the animals that DPR analyzed, including coyotes, bobcats, mountain
lions, endangered San Joaquin kit foxes, and federally protected raptors. Of the animals analyzed
between 1995 and 2011, brodifacoum was likely involved in approximately 13% of animal
mortalities and was solely responsible for 9% of animal mortalities.

Bromadiolone was first registered in California in 1982. An average of 51 pounds per year of
bromadiolone active ingredient was sold in California between 2006 and 2010, approximately
63% of which was reported used by licensed pest control applicators. Of the rodenticides sold in
California, bromadiolone accounted for approximately 13% of anticoagulant rodenticide use.
Bromadiolone residues were found in approximately 36% of the animals analyzed, including
coyotes, bobcats, mountain lions, endangered San Joaquin kit foxes, and federally protected
raptors. Between 1995 and 2011, bromadiolone was likely involved in approximately 3% of
animal mortalities.

Difethialone was first registered for use in California in 1997. Difethialone accounts for
approximately 1% of anticoagulant rodenticide sales, with approximately 80% reported used by
licensed pest control applicators. Residues were found in approximately 8% of the animals
analyzed, including bobcats, mountain lions, coyotes, and federally protected raptors. While
DPR has no data indicating that difethialone was directly involved in an animal mortality, the
data do indicate that the percent of animals with difethialone residues above the most sensitive
LDsy is relatively high compared to the percent of difethialone sold. Based on its half-life and
toxicity data, difethialone appears to be most similar to brodifacoum.

Difenacoum, the newest second generation anticoagulant rodenticide, was first registered with
the DPR in 2008. Between 2009 and 2010, difenacoum accounted for approximately 0.3% of the
anticoagulant rodenticide that was sold, almost all of which was sold for unlicensed use. In
England, between 1998 and 2006, there were eight to 36 “wildlife incidents” per year involving
difenacoum. The affected animals included raptors, song birds (i.e., passerines), game birds,
domestic animals (dogs and cats), wild canids, and rodents (U.S. EPA, 2007). Based on its half-
life and toxicity data, difenacoum appears to be most similar to bromadiolone.
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The data also show that exposure of wildlife to second generation anticoagulant rodenticides can
lead to sub-lethal effects. Multiple studies have shown that sub-lethal doses can cause lethargy,
shortness of breath, anorexia, bloody diarrhea, and tenderness of the joints. Riley et al’s (2007)
study of bobcats is an example of sub-lethal effects. Mortality in bobcats due to notoedric mange
had not previously been reported as a significant pathogen in wild felid. This shows that even
sub-lethal exposures to anticoagulants may contribute to the disease process or receiving trauma,
and hence the mortality in a wild animal. In addition, to date, very few studies have looked at
rodenticide residues in fetuses or in newly whelped or hatched animals. Klein Sereiys’s (2012)
data, which found residues in a bobcat fetus, indicate that rodenticides are able to pass the
placental barrier. The sub-lethal effects of rodenticides reduce the fitness of wildlife.

Conclusion

Based on the data above, DPR finds that use of two of the four second generation anticoagulant
rodenticides--brodifacoum and bromadiolone-- present a hazard related to persistent residues in
target animals resulting in impacts to non-target wildlife. Because they are similar in half-life
and toxicity, DPR also find that if the use of difethialone and difenacoum were to increase,
rodenticides containing those two second generation anticoagulant rodenticides may also present
a hazard related to persistent residues in target animals.





Ann M. Prichard
September 19, 2012
Page 32

Bibliography

Albert, C. A., L. K. Wilson, P. Mineau, S. Trudeau, and J. E. Elliott, 2009, “Anticoagulant
Rodenticides in Three Owl Species from Western Canada, 1988-2003,” Arch Environ Contam
Toxicol, Vol. 58, No. 2, Pp. 451-459.

Annex [-Norway, 2007, “Directive 98/8/EC Concerning the Placing Biocidal Products on the
Market,” Assessment report: Difethialone-Product Type 14,

<http://ihcp.jrc.ec.europa.eu/our activities/public-

health/risk assessment of Biocides/doc/ANNEX I/AR/AnnexI AR 104653-34-

1 PT14 en.pdf/view>, accessed on April 19, 2012.

Blakenship, T. L., 1995, “Coyote Interactions with Other Carnivores,” in the Symposium
Proceedings for “Coyotes in the Southwest: A Compendium of Our Knowledge,”
<http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1039&context=coyotesw>, accessed
on September 6, 2012.

Bloom, P. H., and S. J. Hawks, “Food Habits of Nesting Golden Eagles in Northeast California
and Northwest Nevada,” Raptor Research, 1982,
<http://elibrary.unm.edu/sora/jrr/v016n04/p00110-p00115.pdf>, accessed on September 6, 2012.

Booth, L. H., P. Fisher, V. Heppelthwaite, and C. T. Eason, 2003, “Toxicity and Residues of
Brodifacoum in Snails and Earthworms,” DOC Science Internal Series 143, Published by the
New Zealand Department of Conservation, <http://www.doc.govt.nz/upload/documents/science-
and-technical/dsis143.pdf>, accessed on May 14, 2012.

Booth, L. H., C. T. Eason, and E. B. Spurr, “Literature Review of the Acute Toxicity and
Persistence of Brodifacoum to Invertebrates,” Science for Conservation, 2001,

<http://www.doc.govt.nz/upload/documents/science-and-technical/Sfc177.pdf>, accessed on
May 25, 2012.

Brakes, C. R., and R. H. Smith, “Exposure of Non-Target Small Mammals to Rodenticides:
Short-Term Effects, Recovery and Implications for Secondary Poisoning,” Journal of Applied
Ecology, 2005, <http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2664.2005.00997.x/full>,
accessed on July 2, 2012.

Buckle, Alan (University of Reading), “Comparative Efficacy of Rodent Control Methods:
Impacts of the Risk Mitigation Decision and Draft Notice of Intent to Cancel,” presentation to
DPR, Sacramento, California, April 3, 2012.





Ann M. Prichard
September 19, 2012
Page 33

Buckle, Alan (University of Reading), “Status of the Review of Rodenticides by the European
Commission and EU Member States,” presentation to DPR, Sacramento, California,
April 3, 2012.

California Department of Fish and Game (CDFG), 1999, Table: California Wildlife Submitted
for Anticoagulant Residue Analysis between 1994-1999.

Carrete, M., J. A. Sanchez-Zapata, and J. F. Calvo, “Breeding Densities and Habitat Attributes of
Golden Eagles in Southeastern Spain,” Journal of Raptor Research, 2000,
<http://elibrary.unm.edu/sora/jrr/v034n01/p00048-p00052.pdf>, accessed on September 6, 2012.

CDFG, 2000, Table: California Wildlife Submitted for Anticoagulant Residue Analysis between
1994-2000.

CDFG, 2003, Table: California Wildlife Submitted for Anticoagulant Residue Analysis between
1994-2003.

CDFG, 2010, “A Status Review of the Fisher (Martes pennanti) in California,” February 2010,
<http://www.dfg.ca.gov/wildlife/nongame/publications/docs/FisherStatusReviewComplete.pdf>,
accessed on April 19, 2012.

CDFG, 2011, “Anticoagulant Rodenticide Exposure in an Urban Population of the
San Joaquin Kit Fox Vulpes macrotis multicar,” unpublished report.

CDFQG, 2012a, Excel database provided to DPR.
CDFQG, 2012b, Excel database of San Joaquin Kit Fox data provided to DPR.

Center for Disease Control (CDC), 2010, “Rodents,” last updated 2010,
<http://www.cdc.gov/rodents/>, accessed April 20, 2012.

CDC, 2011a, “California Compendium of Plague Control,” last updated 2011,
<http://www.cdph.ca.gov/HealthInfo/discond/Documents/201 1 CAPlagueCompendium.pdf>,
accessed on April 19, 2012.

CDC, 2011b, “Diseases Directly Transmitted by Rodents,” last updated June 2011,
<http://www.cdc.gov/rodents/diseases/direct.html>, accessed on April 19, 2012.

CDC, 2012a, “Diseases Indirectly Transmitted by Rodents,” last updated January 2012,
<http://www.cdc.gov/rodents/diseases/indirect.html>, accessed on April 19, 2012.





Ann M. Prichard
September 19, 2012
Page 34

CDC, 2012b, “Controlling Rodents,” last updated April 19, 2012,
<http://www.epa.gov/opp00001/controlling/rodents.htm#Treating>, accessed on April 19, 2012.

Collins, P. W., and B. C. Latta, “Nesting Season Diet of Golden Eagles on Santa Cruz and Santa
Rosa Islands Santa Barbara County, California,” Santa Barbara Museum of Natural History
Technical Reports — Number 3,
<http://www2.ucsc.edu/scpbrg/PDFFiles/Collins Latta GOEA_FinalReport.pdf>, accessed on
September 6, 2012.

Cox, P. and R.H. Smith, 1992, “Rodenticide ecotoxicology: pre-lethal effects of anticoagulants on rat
behavior,” Proc. Vertebr. Pest Conf, 15:165-170.

Craddock, P., 2003, “Aspects of the Ecology of Forest Invertebrates and the Use of
Brodifacoum,” Unpublished PhD thesis, The University of Auckland, New Zealand,
<https://researchspace.auckland.ac.nz/handle/2292/316>, accessed on May 25, 2012.
Department of Environmental Conservation, 2012, “Wildlife Necropsy Reports: Diagnosing
Causes of Fatalities in Wild Animals,” <http://www.dec.ny.gov/animals/81470.html>, accessed
on April 19, 2012.

Department of Environmental Conservation, 2012, “Wildlife Necropsy Reports: Diagnosing
Causes of Fatalities in Wild Animals,” <http://www.dec.ny.gov/animals/81470.html>, accessed
on April 19, 2012.

Dowding, J. E., E. C. Murphy, and C. R. Veitch, 1999, “Brodifacoum Residues in Target and
Non-Target Species Following an Aerial Poisoning Operation on Motuihe Island, Hauraki Gulf,
New Zealand,” New Zealand Journal of Ecology, Vol. 23, No. 2, Pp. 207-214.

Eason, C. T., K. A. Fagerstone, J. D. Eisemann, S. Humphrys, J. R. O’Hare, and S. J. Lapidge,
2010, “A Review of Existing and Potential New World and Australasian Vertebrate Pesticides
with a Rationale for Linking Use Patterns to Registration Requirements,” USDA National
Wildlife Research Center — Staff Publications, Paper 903,
<http://digitalcommons.unl.edu/icwdm_usdanwrc/903>, accessed on April 19, 2012.

Eason, C. T., L. Milne, M. Potts, G. Morriss, G. R. G. Wright, and O. R. W. Sutherland,
“Secondary and Tertiary Poisoning Risks Associated with Brodifacoum,” New Zealand Journal
of Ecology, 1999, <http://www.nzes.org.nz/nzje/free_issues/NZJEcol23 2 219.pdf>, accessed
on May 14, 2012.

Eason, C. T., and S. Ogilvie, 2009, “A Re-Evaluation of Potential Rodenticides for Aerial
Control of Rodents,” Research & Development Series 312, New Zealand Department of
Conservation, Wellington.





Ann M. Prichard
September 19, 2012
Page 35

Eason, C. T., and E. B. Spurr, “Review of the Toxicity and Impacts of Brodifacoum on
Non-Target Wildlife in New Zealand,” New Zealand Journal of Zoology, 1995,
<http://dx.doi.org/10.1080/03014223.1995.9518055>, accessed on May 14, 2012.

Eason, C. T., and M. Wickerstrom, 2001, “Vertebrate Pesticide Toxicology Manual (Poisons):
Information on Poisons Used in New Zealand as Vertebrate Pesticides,” New Zealand
Department of Conservation, <http://www.doc.govt.nz/upload/documents/science-and-
technical/docts23.pdf>, accessed on May 14, 2012.

Eason, C. T., G. R. Wright, and D. Batcheler, “Anticoagulant Effects and the Persistence of
Brodifacoum in Possums (Trichosurus vulpecula),” New Zealand Journal of Agricultural
Research, 1996, <http://www.tandfonline.com/doi/pdf/10.1080/00288233.1996.9513199>,
accessed on May 14, 2012.

Erickson, W., and D. Urban, 2004, “Potential Risks of Nine Rodenticides to Birds and Nontarget
Mammals: a Comparative Approach,” Pp. 15-25, EPA-HQ-OPP-2004-0033-0003, United States
Environmental Protection Agency (U.S. EPA), Washington, D.C.

Fairbrother, Anne, Susan Kane Driscoll, and Richard Stroud (Exponent), “Risks of Rodenticides
to Nontarget Wildlife: Comments on EPA’s Risk Assessment and Mitigation Options,”
presentation to DPR, Sacramento, California, April 3, 2012.

Ferrell, D, 2011, “Exploring the Problem of Domestic Marijuana Cultivation” in a Statement to
the United States Senate Caucus on International Narcotics Control, on November 7, 2011,
<http://drugcaucus.senate.gov/hearing-12-7-11/Ferrell-Testimony.pdf>, accessed on
September 4, 2012.

Fisher, P. M., “Residual Concentrations and Persistence of the Anticoagulant Rodenticides
Brodifacoum and Diphacinone in Fauna,” doctoral dissertation, Lincoln University, Lincoln,
New Zealand, 2009,

<http://researcharchive.lincoln.ac.nz/dspace/bitstream/10182/930/3/Fisher PhD.pdf>, accessed
on April 19, 2012.

Fisher, P., R. Griffiths, C. Speedy, and K. Broome, 2011, “Environmental Monitoring for
Brodifacoum Residues after Application of Baits for Rodents Eradication,” In: Veitch, C. R.,
M. N. Clout, and D. R. Towns, (eds.), 2011, “Island Invasives: Eradication and Management,”
IUCN, Gland, Switzerland, Pp. 300-304,

<http://www.issg.org/pdf/publications/Island Invasives/pdfHQprint/3FisherP.pdf>, accessed on
May 14, 2012.





Ann M. Prichard
September 19, 2012
Page 36

Fisher, P., C. O’Connor, G. Wright, and C. T. Eason, 2003, “Persistence of Four Anticoagulant
Rodenticides in the Livers of Laboratory Rats,” DOC Science Internal Series 139, New Zealand
Department of Conservation, <http://www.conservation.org.nz/upload/documents/science-and-
technical/dsis139.pdf>, accessed on April 19, 2012.

Fisher, P., and A. Saunders, 2012, “Case Study: Brodifacoum Rodenticide-Assessing Non-Target
Risk of Galapagos Tortoises and Other Reptiles,”
<http://www.isinz.com/documents/Brodifacoum_Galapagos 11 11.pdf>, accessed on

April 19, 2012.

Frost, N., “San Joaquin Kit Fox Home Range, Habitat Use, And Movements in Urban
Bakersfield,” master’s thesis, Humboldt State University, Humboldt, California, 2005,
<http://humboldt-dspace.calstate.edu/bitstream/handle/2148/36/Frost.pdf?sequence=1>, accessed
on September 6, 2012.

Gabriel, M. W., 2011, “Update on Exposure to Anticoagulant Rodenticides in Fishers,”
Presented July 19, 2011 at the Sierra Nevada Adaptive Management Project (SNAMP),
<http://snamp.cnr.berkeley.edu/static/documents/2011/07/22/Jul-14-

2011 FisherIT MouradGabriel.pdf>, accessed on April 19, 2012.

Gabriel, M. W., L. Woods, D. Clifford, S. McMillin, and R. Poppenga, 2012, “Frequently Asked
Questions about Rodenticide Baits - Q & A: Fishers & Rodenticide Exposure,”
<http://www.iercecology.org/wp-content/uploads/2012/05/Fisher-AR-QA-final-Product.pdf>,
accessed on May 14, 2012.

Gabriel, M. W., L Woods, R Poppenga, R. A. Sweitzer, C. Thompson, S. M. Matthews,

M. Higley, S. M. Keller, K. Purcell, R. H. Barrett, G. M. Wengert, B. N. Sacks, and

D. L. Clifford, 2012a, “Anticoagulant Rodenticides on our Public and Community Lands: Spatial
Distribution of Exposure and Poisoning of a Rare Forest Carnivore,” PLOS One,
<http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0040163>, accessed
on July 14, 2012.

Gatto, A. E., T. G. Grubb, and C. L. Chambers, “Red-tailed Hawk Dietary Overlap with
Northern Goshawks on the Kaibab Plateau, Arizona,” Journal of Raptor Research, 2005,

<http://www.rmrs.nau.edu/publications/GattoEtal/GattoEtal.pdf>, accessed on
September 7, 2012.

Goodrich, J. J., “Stopover Ecology of Autumn-Migrating Raptors in the Central Appalachians,”
doctoral dissertation, Pennsylvania State University, University Park, Pennsylvania, 2010,
<http://www.globalraptors.org/grin/researchers/uploads/409/goodrich dissertation 2010.pdf>,
accessed on September 7, 2012.





Ann M. Prichard
September 19, 2012
Page 37

Guinn, J. E., “Bald Eagle Nest Site Selection and Productivity Related to Habitat and Human
Presence in Minnesota,” doctoral dissertation, North Dakota State University, Fargo,

North Dakota, 2004,
<http://files.dnr.state.mn.us/eco/nongame/projects/consgrant_reports/2004/2004 guinn.pdf>,
accessed on September 7, 2012.

Gurrola, R., 2010, “White Paper on Medical Marijuana,” Tehama County White Paper on
Medical Marijuana,
<http://www.counties.org/images/users/1/Med%20marijuana%20WP%20Tehama.pdf>, accessed
on April 19, 2012.

Harper, G. A., Zabala, J., and Carrion, V., 2011, “Monitoring of a Population of Galapagos Land
Iguanas (Colonophus subcristatus) during a Rat Eradication Using Brodifacoum,” In: Veitch,

C. R, Clout, M. N. and Towns, D. R. (eds.), Island Invasives: Eradication and Management,
Pp. 309-312, IUCN, Gland, Switzerland,

<http://www.issg.org/pdf/publications/Island Invasives/pdfHQprint/3Harperlguanas.pdf>,
accessed on April 19, 2012.

Hiraldo, F., M. Delibes, and J. Bustamonte, and R. R. Estrella, “Overlap in the Diets of Diurnal
Raptors Breeding at the Michilia Biosphere Reserve, Durango, Mexico,” Journal of Raptor
Research, 1991a,

<http://www.ebd.csic.es/bustamante/publicaciones/Hiraldo et al %281991%29 J Raptor Res
25 25-29.PDF>, accessed on September 7, 2012.

Hiraldo, F., M. Delibes, and J. A. Donazar, “Comparison of Diets of Turkey Vultures in Three
Regions of Northern Mexico,” Journal of Field Ornithology, 1991b,
<http://elibrary.unm.edu/sora/JFO/v062n03/p0319-p0324.pdf>, accessed on September 7, 2012.

Hoare, J. M., and K. M Hare, “The Impact of Brodifacoum on Non-Target Wildlife: Gaps in
Knowledge,” New Zealand Journal of Ecology, 2006,
<http://www.nzes.org.nz/nzje/free_issues/NZJEcol30 2 157.pdf>, accessed on May 14, 2012.

Hodeenbach, G., J. Johnson, and C. DiSalvo, 2005, “Mechanical Rodent-Proofing Techniques: A
Training Guide for National Park Employees,” National Park Service,
<http://nmhealth.org/pdf/NPS RP Manual v2.pdf>, accessed on July 2, 2012.





Ann M. Prichard
September 19, 2012
Page 38

Housenger, J., and J. L. Melendez, 2011, “Risks of Difethialone Use to the Federally Threatened
Alameda Whipsnake (Masticophis Lateralis euryxanthus), and the Federally Endangered Salt
March Harvest Mouse (Reithrodontomys raviventris) and San Joaquin Kit Fox (Vulpes macrotis
mutica),” Environmental Fate and Effects Division, Office of Pesticide Programs,

Washington, D.C., <http://www.epa.gov/espp/litstatus/effects/redleg-
frog/2011/difethialone/assessment.pdf>, accessed on July 2, 2012.

Housenger, J., and J. L. Melendez, 2012, “Risks of Brodifacoum Use to the Federally Threatened
Alameda Whipsnake (Masticophis Lateralis euryxanthus), and the Federally Endangered Salt
March Harvest Mouse (Reithrodontomys raviventris) and San Joaquin Kit Fox (Vulpes macrotis
mutica),” Environmental Fate and Effects Division, Office of Pesticide Programs,

Washington, D.C., <http://www.epa.gov/espp/litstatus/effects/redleg-
frog/2012/brodifacoum/analysis.pdf>, accessed on July 2, 2012.

Howald, G. R., “The Risk of Non-Target Species from Brodifacoum Used to Eradicate Rats from
Langara Island, British Columbia, Canada,” master’s thesis, University of British Columbia,
Vancouver, BC, Canada, 1997, <https://circle.ubc.ca/bitstream/handle/2429/6509/ubc_1997-
0545.pdf?sequence=1>, accessed on May 14, 2012.

Howald, G., K. R. Faulkner, B. Tershy, B. Keitt, H. Gellerman, E. Creel, M. Grinnell,

S. T. Ortega, and D. A. Croll, “Eradication of Black Rats From Anacapa Island: Biological and
Social Considerations,” Fauna and Flora International, Oryx, 2009,
<http://bio.research.ucsc.edu/people/croll/pdf/Howald 2005.pdf>, accessed on

April 19, 2012.

IPCS (International Programme on Chemical Safety), 2010, “Data Sheet on Pesticides No. 57:

Brodifacoum,” <http://www.inchem.org/documents/pds/pds/pest57 e.htm>, accessed on
June 4, 2012.

Iriarte, J. A., W. L. Franklin, W. E. Johnson, and K. H. Redford, 1990, “Biogeographic Variation
of Foods Habits and Body Size of the America Puma,” Oecologia, Vol. 85, No. 2, Pp. 185-190.

Jacobs, J. P., and E. A. Jacobs, 2002, “Conservation Assessment for Red-Shouldered Hawk
(Buteo lineatus) National Forests of North Central States” for the USDA Forest Service Eastern
Region, <http://www.fs.fed.us/r9/wildlife/tes/ca-
overview/docs/red_shouldered hawk ca 1202final.pdf>, accessed on September 6, 2012.

Kasparian, M. A., E. C. Hellgren, and S. M. Ginger, “Food Habits of the Virginia Opossum
during Raccoon Removal in the Cross Timbers Ecoregion, Oklahoma,” Oklahoma Academy of
Science, 2002, <http://digital.library.okstate.edu/oas/oas_pdf/v82/p73 78.pdf>, accessed on
September 7, 2012.





Ann M. Prichard
September 19, 2012
Page 39

Kay, J., 2007a, “Groups Debate Poison Use after 3 Hawks Die, 1 Survives,” San Francisco
Chronicle, SFGate, <http://www.sfgate.com/cgi-
bin/article.cgi?t=/c/a/2007/03/16/BAGSFOMEG621.DTL>, accessed on May 22, 2012.

Kay, J., 2007b, “Rat Poison Use Discontinued in Golden Gate Park,” Scrippsnews,
<http://www.scrippsnews.com/node/20351>, accessed on May 22, 2012.

Klein Serieys, L., 2012, Data provided to DPR.

Koprowski, J. L., 1994, “Sciurus niger,” in Mammalian Species, No. 479,
<http://www.science.smith.edu/msi/>, accessed on September 7, 2012.

Lambert, O, H. Pouliquen, M. Larhantec, C. Thorin, and M. L’Hostis, “Exposure of Raptors and
Waterbirds to Anticoagulant Rodenticides (Difenacoum, Bromadiolone, Coumatetralyl,
Coumafen, Brodifacoum): Epidemiological Survey in Loire Atlantique (France),” Bulletin
Environmental Contamination and Toxicology, 2007,
<http://www.researchgate.net/publication/6344862 Exposure of raptors and waterbirds to ant
icoagulant rodenticides (difenacoum bromadiolone coumatetralyl coumafen brodifacoum) ep
idemiological survey in Loire Atlantique (France)>, accessed on April 19, 2012.

Lariviere, S., and M. Pasitschniak-Arts, 1996, “Vulpes vulpes,” in Mammalian Species No. 537,
<http://www.science.smith.edu/msi/>, accessed on September 7, 2012.

Lee, J. C., D. A. Osborne, and K. V. Miller, “Foods Eaten by a High-Density Population of
Southern Fox Squirrels,” Florida Field Naturalist, 2001,
<http://www.fosbirds.org/sites/default/files/FFNs/FFNv29n1p29-32David.pdf>, accessed on
September 7, 2012.

Lima, L. L., and T. P. Salmon, 2010, “Assessing Some Potential Environmental Impacts from
Agricultural Anticoagulant Uses,” Proceedings of the Twenty-Fourth Vertebrate Pest
Conference, Published at University of California, Davis, Pp. 199-203.

Lima, L. L., and T. P. Salmon, 2012, Data used to publish their paper.

Littin, K. E., C. E. O’Connor, and C. T. Eason, “Comparative Effects of Brodifacoum on Rats
and Possums,” New Zealand Plant Protection Society, 2000,
<http://www.nzpps.org/journal/53/nzpp 533100.pdf>, accessed on May 25, 2012.

Litvaitis, J. A., 1981, “A Comparison of Coyotes and Bobcat Food Habits in the Wichita
Mountains, Oklahoma,” Proceedings of Oklahoma Academy of Science,
<http://digital.library.okstate.edu/oas/oas pdf/v61/p81 82.pdf>, accessed on September 4, 2012.





Ann M. Prichard
September 19, 2012
Page 40

Marrow, C., 2001, “Cholecalciferol Poisoning,” Veterinary Medicine Publishing Group,
<www.aspcapro.org/mydocuments/n-toxbrief 1201.pdf>, accessed on April 19, 2012.

Marzluff, J. M., S. T. Knick, M. S. Vekasy, L. S. Schueck, and T. J. Zarriello, “Spatial Use
and Habitat Selection of Golden Eagles in Southwestern Idaho,” The Auk, 1997,
<http://elibrary.unm.edu/sora/Auk/v114n04/p0673-p0687.pdf>, accessed on

September 7, 2012.

Marti, C. D., and M. N. Kochert, “Diet and Trophic Characteristics of Great Horned Owls in
Soutwestern Idaho,” Journal of Field Ornithology, 1996,
<http://elibrary.unm.edu/sora/JFO/v067n04/p0499-p0506.pdf>, accessed on

September 6, 2012.

McGrew, J., 1979, “Vulpes macrotis,” in Mammalian Species No. 123,
<http://www.science.smith.edu/msi/pdf/i0076-3519-123-01-0001.pdf>, accessed on
September 6, 2012.

McManus, J. J., 1974, “Didelphis virginiana,” in Mammalian Species No. 40,
<http://www.science.smith.edu/msi/>, accessed September 7, 2012.

McMillin, S. C., R. C. Hosea., B. F. Finlayson, B. L. Cypher, and A. Mekebri, 2008,
“Anticoagulant Rodenticide Exposure in an Urban Population of the San Joaquin Kit Fox,”
Proceedings of the Twenty-Third Vertebrate Pest Conference, March 19, 2008, Pp. 163-165.

“Rodenticide Poisoning: Introduction,” The Merck Veterinary Manual, Merck Sharp &
Dohme Corp., a subsidiary of Merck & Co, New Jersey, 2011,
<http://www.merckvetmanual.com/mvm/index.jsp?cfile=htm/bc/213000.htm>, accessed on
May 22, 2012.

Miller, L., 2012, “Rodenticide Usage at LVMWD Facilities,” e-mail message, April 6, 2012.
Morzillo, A. T., and A. G. Mertig, 2011a, “Linking Human Behavior to Environmental Effects
Using a Case Study of Urban Rodent Control,” International Journal of Environmental

Studies, Vol. 68, No. 1, February 2011, Pp. 107-123.

Morzillo, A. T., and A. G. Mertig, 2011b, “Urban Resident Attitudes toward Rodents, Rodent
Control Products, and Environmental Effects,” Urban Ecosystems Vol. 14, Pp. 243-260.





Ann M. Prichard
September 19, 2012
Page 41

Morzillo, A. T., A. G. Mertig, J. W. Hollister, N. Garner, and J. Liu, “Socioeconomic Factors
Affecting Local Support for Black Bear Recovery Strategies,” Environmental Management,
2010, <http://www.springerlink.com/content/k58x3360778245jk/fulltext.pdf>, accessed on
April 19, 2012.

Morzillo, A. T., and M. D. Schwartz, “Landscape Characteristics Affect Animal Control by
Urban Residents,” Ecosphere, 2011, <http://www.esajournals.org/doi/pdf/10.1890/ES11-
00120.1>, accessed on April 19, 2012.

Munday, J. S., and L. J. Thompson, “Brodifacoum Toxicosis in Two Neonatal Puppies,” Vet
Pathol, 2003, <http://vet.sagepub.com/content/40/2/216.full.pdf+html>, accessed on
May 25, 2012.

Murray, M., 2011, “Anticoagulant Rodenticide Exposure and Toxicosis in Four Species of Birds
of Prey Presented to A Wildlife Clinic in Massachusetts, 2006-2010,” Journal of Zoo and
Wildlife Medicine, Vol. 42, No. 1, Pp. 88-97.

Naz, S., Rana, S. A., M. Javed., and Khalil-ul-Rehman, “Toxicological Effects of Brodifacoum
and Food Energy Inhibitor on Some Physiological Parameters in House Rats (Rattus rattus),”
Pakistan Veterinary Journal, 2011, <http://www.pvj.com.pk/pdf-files/31 3/219-222.pdf>,
accessed on April 19, 2012.

Naim, M., H. Mohd Noor, A. Kassim, and J. Abu, “Comparison of the Breeding Performance of
the Barn Owl Tyto alba jacanica under Chemical and Bio-based Rodenticide Baiting in
Immature Oil Palms in Malaysia,” Global Science Books, Dynamic Biochemistry, Process
Biotechnology and Molecular Biology, 2011, Pp. 5-11,
<http://www.globalsciencebooks.info/JournalsSup/images/Sample/DBPBMB_5(S12)5-110.pdf>,
accessed on July 2, 2012.

Ogilvie, S. C., R. J. Pierce, G. R. G. Wright, L. H. Booth, and C. T. Eason, “Brodifacoum
Residue Analysis in Water, Soil, Invertebrates, and Birds after Rat Eradication on Lady Alice
Island,” New Zealand Journal of Ecology, 1997,
<http://www.nzes.org.nz/nzje/free_issues/NZJEcol21 2 195.pdf>, accessed on July 2, 2012.

Papakosta, M., D. Bakaloudis, K. Kikikidou, C. Vlachos, and E. Chatzinikos, “Dietary Overlap
Among Seasons and Habitats of Red Fox and Stone Marten in Central Greece,” European
Journal of Scientific Research, 2010, <http://www.eurojournals.com/ejsr 45 1 12.pdf>,
accessed on September 7, 2012.

Peterson, A., 1986, “Habitat Suitability Index Models: Bald Eagle (Breeding Season),”
Biological Report 82 (10.126), Fish and Wildlife Service, U.S. Department of the Interior,
<http://www.nwrc.usgs.gov/wdb/pub/hsi/hsi-126.pdf>, accessed on September 7, 2012.





Ann M. Prichard
September 19, 2012
Page 42

Pezzo, F., and F. Morimando, “Food Habits of the Barn Owl, Tyto alba, in a Mediterranean
Rural Area: Comparison with the Diet of Two Sympatric Carnivores,” Italian Journal of
Zoology, 1995, <http://www.tandfonline.com/doi/pdf/10.1080/11250009509356091>, accessed
on September 7, 2012.

Preacher, K. J., 2001, “Calculation for the Chi-Square Test: An Interactive Calculation Tool for
Chi-Square Tests of Goodness of Fit and Independence [Computer software],”
<http://www.quantpsy.org/chisq/chisq.htm>, accessed on September 4, 2012.

Quinn, J. H., Y. A. Girard, K. Gilardi, Y. Hernandez, R. Poppenga, B. B. Chomel, J. E. Foley,
and C. K. Johnson, 2012, “Pathogen and Rodenticide Exposure in American Badgers (Taxidea
taxus) in California,” Journal Wildlife Diseases, Vol. 48, No. 2, Pp. 467-472.

Preacher, K. J., 2001, “Calculation for the Chi-Square Test: An Interactive Calculation Tool for
Chi-Square Tests of Goodness of Fit and Independence [Computer software],”
<http://www.quantpsy.org/chisq/chisq.htm>, accessed on September 4, 2012.

Rattner, B. A., K. E. Horak, S. E. Warner, D. D. Day, C. U. Meteyer, S. F. Volker,

J. D. Eisemann, and J. J. Johnston, “Acute Toxicity, Histopathology, and Coagulopathy in
American Kestrels (Falco Sparverius) Following Administration of the Rodenticide
Diphacinone,” Environmental Toxicity and Chemistry, 2011,
<http://onlinelibrary.wiley.com/doi/10.1002/etc.490/pdf>, accessed on May 25, 2012.

Rahmy, T. R, “Myocardial Alteration in Animals Intoxicated with an Anticoagulant
Rodenticide,” Journal of Egyptian Ger Society of Zoology, 1993, pp 87-98, accessed
December 31, 2012.

Riley, S., 2012, Coyote data provided to DPR.

Riley, S. P. D., C. Bromley, R. H. Poppenga, R. A. Uzal, L. Whited, and R. M. Sauvajot, 2007,
“Anticoagulant Exposure and Notoedric Mange in Bobcats and Mountain Lions in Urban
Southern California,” Journal of Wildlife Management, Vol. 71, No. 6, Pp. 1874-1884.

Rocha, R. G., E. Ferreira, Y. L. R. Leite, C. Fonseca, and L. P. Costa, “Small Mammals in the
Diet of Barn Owls, Tyto alba (Aves: Strigiformes) Along the Mid-Arguaia River in Central
Brazil,” Zoologica, 2011, <http://www.scielo.br/pdf/zool/v28n6/03.pdf>, accessed on
September 6, 2012.

Roth, II, T. C., and S. L. Lima, “Hunting Behavior and Diet of Cooper’s Hawks: An Urban View
of the Small-Bird-In-Winter Paradigm,” The Condor, 2003,
<http://wolfweb.unr.edu/homepage/tcroth/Roth%20and%20Lima%202003%20Condor.pdf>,
accessed on September 6, 2012.





Ann M. Prichard
September 19, 2012
Page 43

Sacks, B. N., Wittmer, H. U., Statham, M. J., “The Native Sacramento Valley Red Fox,” Report
to the California Department of Fish and Game, May 30, 2010,
<http://foxsurvey.ucdavis.edu/documents/30May2010_FinalReport ForDistribution.pdf>,
accessed on September 7, 2012.

Shlosberg, A., and L. Booth, 2001, “Veterinary and Clinical Treatment of Vertebrate Pesticide
Poisoning — a Technical Review,” Pest Control Research, New Zealand,

<http://www.pestcontrolresearch.co.nz/docs-bait/treatmentofpoisoning.pdf>, accessed on
May 25, 2012.

Spaulding, S. R., and H. Spannring, “Status of Bromethalin Outside the United States,”
Proceedings of the Thirteenth Vertebrate Pest Conference, March 1, 1988, Pp. 64-69,
<http://digitalcommons.unl.edu/vpcthirteen/14>, accessed on April 19, 2012.

Spurr, E. B., “A Review of the Effects of Pesticides on Lizards,” Conservation Advisory Science
Notes No. 33, Department of Conservation, Wellington, 1993,
<http://www.doc.govt.nz/upload/documents/science-and-technical/casn33.pdf>, accessed on
May 14, 2012.

Steenhof, K., and M. N. Kochert, “Dietary Responses of Three Raptor Species to Changing Prey
Densities in a Natural Environment,” Journal of Animal Ecology, 1998,
<http://fresc.usgs.gov/products/papers/1777 Steenhof.pdf>, accessed on September 7, 2012.

Sternberg, R., R. Miller, and A. Korol, 2011, “Risks of Bromadiolone Use to the Federally
Threatened Alameda Whipsnake (Masticophis Lateralis euryxanthus), the Federally Endangered
Salt March Harvest Mouse (Reithrodontomys raviventris), and the Federally Endangered San
Joaquin Kit Fox (Vulpes macrotis mutica),” Environmental Fate and Effects Division, Office of
Pesticide Programs, Washington, D.C., <http://www.epa.gov/espp/litstatus/effects/redleg-
frog/2011/bromadiolone/assessment.pdf>, accessed on July 2, 2012.

Stone, W. B., J. C. Okoniewski, and J. R. Stedelin, “Poisoning of Wildlife with Anticoagulant
Rodenticides in New York,” Journal of Wildlife Diseases, 1999,

<http://www jwildlifedis.org/content/35/2/187.full.pdf+html?sid=85f66e59-3841-4ca9-9ad7-
0439a0d07a33>, accessed on April 19, 2012.

Timm, R. M., 2011, “Pests of Homes, Structures, People, and Pets: House Mice,” October 2011,
<http://www.ipm.ucdavis.edu/PMG/PESTNOTES/pn7483.html>, accessed on May 22, 2012.





Ann M. Prichard
September 19, 2012
Page 44

Timm, R. M., T. P. Salmon, and R. E. Marsh, 2012, “Pests of Homes, Structures, People, and
Pets: Rats,” September 2011, <http://www.ipm.ucdavis.edu/PMG/PESTNOTES/pn74106.htmI>,
accessed on May 22, 2012.

Townsend, M. G., P. J. Bunyan, E. M. Odam, P. I. Stanley, and H. P. Wardall, 1984,
“Assessment of the Secondary Poisoning Hazard of Warfarin to Least Weasels,” Journal of
Wildlife Management, Vol. 48, Pp. 628-632.

Thomas P. J., P. Mineau, R. F. Shore, L. Champoux, P. A. Martin, L. K. Wilson, G. Fitzgerald,
and J. E. Elliott, 2011, “Second Generation Anticoagulant Rodenticides in Predatory Birds:
Probabilistic Characterization of Toxic Liver Concentrations and Implications for Predatory Bird
Populations in Canada,” Environment International, Vol. 37, No. 5, Pp. 914-920.

USDA Forest Service, 2011, “Nation’s Forests are Severely Damaged by Marijuana Grow Sites:
US Forest Service Law Enforcement Director Testifies on Environmental Impacts, Safety
Concerns,” Press Release No. 1152,
<http://www.fs.fed.us/news/2011/releases/12/marijuana.shtml>, accessed on May 22, 2012.

U.S. EPA, Code of Federal Regulations, Title 40, Protection of the Environment,
Parts 150 to 158, U.S. Superintendent of Documents, Washington, D.C., 2011.

U.S. EPA, “Commensal Rodenticide Products Outdoor 50 Foot Restriction for Professional Use
Products (Revised to Include Language for Agricultural Products),” EPA-HQ-OPP-2006-0955-
0819, March 14, 2012.

U.S. EPA, 2007, “Pesticide Fact Sheet: Difenacoum,” Washington, D.C.,
<http://www.epa.gov/opprd001/factsheets/difenacoum.pdf>, accessed on April 19, 2012.

U.S. EPA, “Risk Mitigation Decision for Ten Rodenticides,” EPA-HQ-OPP-2006-0955-0764,
May 28, 2008, revised June 24, 2008.

U.S. EPA, “Rodenticides. Draft Notice of Intent to Cancel and Denial,” EPA-HQ-OPP-2011-
0178-0017,” November 2, 2011.

U.S. Fish and Wildlife Service, 2012, “Species Profile: Fisher (Martes pennant)”, Environmental
Conservation Online System,

<http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A0HS> accessed on
May 25, 2012.





Ann M. Prichard
September 19, 2012
Page 45

Valchev, 1., Binev, R., Yardanova, V., and Nikolov, Y., “Anticoagulant Rodenticide Intoxication
in Animals - A Review,” Turk. J. Vet. Anim. Sci., 2005,
<http://journals.tubitak.gov.tr/veterinary/issues/vet-08-32-4/vet-32-4-1-0607-12.pdf>, accessed
on May 25, 2012.

Vandenbroucke V., Bousquet-Melou A., De Backer P., Croubels S., 2008, “Pharmacokinetics of
Eight Anticoagulant Rodenticides in Mice after Single Oral Administration,” J Vet Pharmacol
Ther., Vol. 31, No. 5, Pp. 437-445.

Wade-Smith, J., and B. J. Verts, 1982, “Mephitis mephitis” in Mammalian Species No. 173,
<http://www.science.smith.edu/msi/pdf/i0076-3519-173-01-0001.pdf>, accessed on
September 6, 2012.

Wagman, M., and A. Shelby, 2012, “Risks of Difenacoum Use to the Federally Threatened
Alameda Whipsnake (Masticophis Lateralis euryxanthus), the Federally Endangered Salt March
Harvest Mouse (Reithrodontomys raviventris), and the Federally Endangered San Joaquin Kit
Fox (Vulpes macrotis mutica),” Environmental Fate and Effects Division, Office of Pesticides
Programs, Washington, D.C., <http://www.epa.gov/espp/litstatus/effects/redleg-
frog/2012/difenacoum/analysis.pdf>, accessed on July 2, 2012.

Warrick, G. D., H. O. Clark, P. A. Kelly, D. F. Williams, and B. L. Cypher, 2007, “Use of
Agricultural Lands by San Joaquin Kit Foxes,” Western North American Naturalist, Vol. 67,
No. 2, Pp. 270-277.

Watt, B. E., Proudfoot, A. T., Bradberry, S. M., and Vale, J. A, 2005,“Anticoagulant
Rodenticides,” Toxicol Rev., Vol. 24, No. 4, Pp. 259-269.

Whitworth, D. L., H. R. Carter, R. J. Young, J. S. Koepke, F. Gress, and S. Fangman, “Initial
Recovery of Xantu’s Murrelers Following Rat Eradication on Anacapa Island, California,”
Marine Ornithology, 2005, <http://www.mendeley.com/research/initial-recovery-of-xantuss-
murrelets-following-rat-eradication-on-anacapa-island-california/#page-1>, accessed on

July 2,2012.

WildCare, 2011, Data provided to DPR.

Wisley, S. M., S. W. Buskirk, G. A. Russell, K. B. Ahbry, and W. 1. Zielinski, “Genetic
Diversity and Structure of the Fisher (Martes pennant) in a Peninsular and Peripheral
Metapopulation,” Journal of Mammology, 2004,

<http://www.fs.fed.us/pnw/pubs/journals/pnw 2004 wisely001.pdf>, accessed on
April 19, 2012.





Ann M. Prichard
September 19, 2012
Page 46

Woody, B, M. Murphy, A. Ray, R. Green, “Coagulaphathic Effects and Therapy of Brodifacoum
Toxicosis in Dogs,” Netherlands Small Animal Veterinary Association, 1992, pp 23-28.





Ann M. Prichard
September 19, 2012
Page 47

APPENDIX I: Non-California Data

DPR also evaluated studies conducted in locations other than California. When the data came
from a rodent eradication effort, rodenticide use rates were significantly higher than normal label
rates. However, the data are still useful for presenting the potential impacts of rodenticides.

Howald et al (2009) utilized brodifacoum to eradicate black rats (Rattus rattus) from the three
islets of Anacapa Island. An endemic mouse (the Anacapa deer mouse) and several protected
birds also inhabited the island. Even though the organizers employed several measures to reduce
mortality of the non-target organisms, at least 94 birds were found dead after the bait application
including 6 Burrowing Owls, an American Kestrel, 3 Barn Owls, and multiple thrushes.

The Department of Environmental Conservation (2012) necropsied and ran rodenticide analysis
on 4 Red-tailed Hawks found dead in Manhattan, New York. One had residues of difethialone, 2
had residues of difethialone, brodifacoum, and bromadiolone, and 1 had residues of difethialone,
brodifacoum, bromadiolone, and diphacinone. Based on necropsies conducted by veterinarians, 3
died due to anticoagulant rodenticide poisoning and 1 died due to “complications due to egg
laying (oviductal prolapse), possibly exacerbated by hemorrhaging.” The Department of
Environmental Conservation concluded that at least 1 of the Red-tailed Hawks most likely died
directly from difethialone toxicity.

Stone et al (1999) documented 52 non-target wild animals that appeared to have died due to
anticoagulant rodenticide toxicosis in New York between 1989 and 1997. Brodifacoum was
found in over 90% of the animals. Raptors (primarily Great Horned Owls and Red-tailed Hawks)
comprised half the cases. Eastern gray squirrels, raccoons, and white-tailed deer were the
mammals that were most frequently poisoned.

Murray (2011) analyzed the livers of 4 raptor species presented to a wildlife rehabilitation clinic
between April 2006 and March 2010. All either died or were euthanized. Of the 161 birds, 139
(86%) had residues of anticoagulant rodenticides, including 100% of the Great Horned Owls,
89% of the Red-tailed Hawks, 87% of the Eastern Screech Owls, and 75% of the Barred Owls.
One-hundred thirty-six animals had residues of brodifacoum, including 99% of the positive
birds. One Barred Owl and 1 Red-tailed Hawk were positive for both brodifacoum and
difethialone, and 1 Barred Owl was positive for bromadiolone. Rodenticide toxicosis was
identified as the cause of death in nine animals (5.6% of the animals), all of which had
brodifacoum residues.

Howald (1997) examined the Canadian Wildlife Service’s attempt to eradicate the Norway rat
(Rattus norvegicus) from Langara and Lucy Islands using brodifacoum in baiting stations. Of the
radio-collared Norway rats between 13.4% and 33.3% died above ground and some appeared to
have been scavenged. Thirteen (100%) ravens tested positive for brodifacoum (with a liver
brodifacoum range of 0.985 to 2.522). The cause of death was confirmed at necropsy and none
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of the birds were in poor body condition or had any evidence of other diseases. Crows tested
positive for brodifacoum up to nine months after the baiting ceased and bald eagles were also
confirmed to be exposed. Crows and ravens were observed eating rats and the bait. Snails, slugs,
blowfly larva, and other species also tested positive for brodifacoum.

Several papers have suggested that invertebrates might be potential sources of rodenticides to
animals that predate invertebrates (Booth et al (2001), Booth et al (2003), Brakes and Smith
(2005), Craddock (2003), Fisher et al (2011), Ogilvie et al (1997), and Shlosberg and Booth
(2001)). Weta, cockroachs, beetles (Holcaspis stewartensis and Mecodema), locuses, and land
crabs all tested positive for brodifacoum (range: 0.02 to 7.47 ug/g), after either directly
consuming or being gavaged with brodifacoum. While the animals themselves appeared
relatively insensitive to brodifacoum (with no mortality reported), these animals can travel up to
10 meters and it could take more than ten weeks for the brodifacoum to return to pre-baiting
levels. Additionally, brodifacoum caused mortality in three species of snails (Pachnodus
silhouettanus, Achatina fulica, and Pachystyla bicolor).

Albert et al (2009) collected 164 dead owls (Barn, Barred, and Great Horned Owls) in Canada.
Albert et al conducted necropsies and analyzed the livers for seven rodenticides (brodifacoum,
bromadiolone, chlorophacinone, diphacinone, difethialone, pindone, and warfarin). Of the
samples, 70% had detectable residues of at least one rodenticide. The prevalence of brodifacoum
was approximately 50% and the prevalence of bromadiolone was approximately 52%. Nine of
the birds (approximately 6%) were assigned anticoagulant rodenticide poisoning as the “final
cause of death.”

Thomas et al (2011) analyzed data (from the previous 10 years, including from Albert et al
(2009)) of 270 birds (including 196 Great Horned Owl and Red-tailed Hawks) from Canada
using logistic regression to estimate the probability of rodenticide toxicosis at various levels of
second generation anticoagulant rodenticides. They found that approximately 65% of the Great
Horned Owls and Red-tailed Hawks had residues of at least one second generation anticoagulant
rodenticide and that approximately 11% of Great Horned Owls were at risk of dying directly due
to the effects of second generation anticoagulant rodenticides.

Lambert el al (2007) collected 58 dead birds (including raptors and water birds) from Loire
Atlantique, France, conducted necropsies on them, and had their livers analyzed for five
rodenticides, including brodifacoum, bromadiolone, and difenacoum. Bromadiolone residues
were found in 26% of the animals and difenacoum residues were found in approximately 14% of
the animals. Based on the results of the necropsies, none of the animals appeared to have died
directly from anticoagulant rodenticide toxicity.
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Summary
The above data indicate that non-target animals from locations outside of California have also
been impacted by second generation anticoagulant rodenticides.
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Appendix Il: Additional Information and Data in California

Additional California data that did not fit easily into DPR’s main analysis and/or needed
additional explanation are summarized in this section:

Reptiles

Measurable levels of difethialone were found in a gopher snake in the Los Angeles area (Klein
Sereiys (2012)). Fisher and Saunders (2012) found that Galapagos tortoises were unlikely to
consume brodifacoum. However, Hoare and Hare (2006) found that 2 species of New Zealand
geckos would consume bait. Spurr (1993) reported a case where over 100 skinks (Leiolopisma
otagense and L. grande) were found dead after an eradication effort using brodifacoum. Harper
et al (2011) found a mortality rate of approximately 5% among Galapagos land iguanas after an
eradication program for the black rat (Rattus rattus) using brodifacoum on Seymour Norte,
Galapagos. Eason and Spurr (1995) concluded that reptiles and amphibians “may be at risk from
secondary poisoning” especially if they consumed invertebrates that had fed on brodifacoum.
This data indicates that reptiles may also be impacted by anticoagulant rodenticides.

Fetal & neonatal data

The fetus of a bobcat that was hit by a car in the Los Angeles area contained residues of
brodifacoum and diphacinone (Klein Sereiys (2012)). Additionally, 1 of 4 fisher kits (that were
nursing as their sole source of nutrition) contained trace levels of brodifacoum (Gabriel et al
(2012)). The bobcat and kit data suggest that neonatal and lactation transfer are two additional
possible routes of exposure for anticoagulant rodenticides that may result in impacts to wildlife.

To date, very few studies have looked at rodenticide residues in fetuses or in newly whelped or
hatched animals. In humans, anticoagulants are known to induce two different effects, depending
on the time of exposure. Fetal warfarin syndrome is characterized by nasal hypoplasia, causing
respiratory difficulty. Fetal wastage results in nervous system, skeletal, and ophthalmological
abnormalities causing blindness, low birth weight, and developmental delays (Howald (1997)).

Munday and Thompson (2003) found that two newly whelped puppies that died shortly after
birth had brodifacoum residues and showed signs of rodenticide toxicity. The puppies had signs
of coagulopathy and were statistically significantly smaller than the unaffected puppies, even
though the dam and five unaffected puppies were clinically normal. The authors stated that, “the
dam was unaffected, suggesting that fetuses are more susceptible to brodifacoum toxicity than
adult animals.” If this is the case, then even healthy animals that have residues of anticoagulant
rodenticides and are pregnant might lose their offspring due to the effects of the rodenticides.

Naim et al (2011) compared the breeding performance of Barn Owls in Oil Palms that were in an
untreated control or had been treated with warfarin, brodifacoum, or a bio-rodenticide
(Sarcocystis singaporensis, a parasitice protozoon) in three successive seasons. The researchers
found no difference in the clutch size based on treatment. However, there was a statistically
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significant difference in hatching success. Brodifacoum resulted in a hatching success rate of
approximately 43%, whereas the control showed a hatching success rate of approximately 84%.
Fledging success was also statistically different among the 4 treatments, with the control
showing approximately 78% success and those exposed to brodifacoum showed 10% success. In
all three seasons, brodifacoum was correlated to the lowest hatching and fledging success
(statistically significant from all other treatments at p<0.05).

Difethialone in Hawks and a Fox in San Francisco

In San Francisco’s Golden Gate Park, 4 hawks and a fox appear to have been affected by
“ingesting rats poisoned by difethialone that was used to control rodents in the park.” Three of
the hawks and the fox are believed to have died as a result of ingestion. The forth hawk was sent
to a wildlife rehabilitation center for treatment and was released (Kay (2007a) and Kay (2007b)).
The laboratory and necropsy data were not available for analysis.

Summary

These data indicate that reptiles and amphibians, and fetuses and newly born/ hatched animals
may also be impacted by anticoagulant rodenticides. The data indicate that rodenticides are able
to pass the placental barrier.
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Appendix I11: Fishers and Badgers in California
DPR recently received data from the analysis of 64 mustelids (fishers and badgers) in California.

Analysis
The data were collected between 2005 and 2011, and came from Gabriel et al (2012a) and Quinn
et al (2012). The analysis includes data on 58 fishers and six badgers.

The livers of each animal were analyzed for seven anticoagulant rodenticides. The animals were
analyzed for first generation anticoagulant rodenticides - chlorophacinone, coumachlor,
diphacinone, and warfarin-- and second generation anticoagulant rodenticides -- brodifacoum,
bromadiolone, and difethialone.

Of the 64 non-target animals analyzed, 75.0% had residues of at least one second generation
anticoagulant rodenticide. Brodifacoum residues were found in approximately 73% of the
animals, bromadiolone residues were found in approximately 30% of the animals, and
difethialone residues were found in approximately 2% of the animals. Table 1 summarizes the
results.

Table 1. Number (and percent) of the rodenticides among fishers and badgers (n=64) and among
positive fishers and badgers (n=50)'.

Total Number Second Generation Anticoagulant Rodenticides | First Generation Anticoagulant Rodenticides
Samples 64 48 (75.0%) >8 (>12.5%)
Positives 50 48 (96.0%) >8 (>16.0%)
Total Number Brodifacoum | Bromadiolone | Difethialone | Chlorophacinone | Diphacinone | Warfarin
Samples 64 47 (73.4%) 19 (29.7%) 1 (1.6%) 4 (6.3%) 8 (12.5%) 1 (1.6%)
Positives 50 47 (94.0%) 19 (38.0%) 1 (2.0%) 4 (8.0%) 8 (16.0%) 1 (2.0%)

1. Animals may be positive for more than one rodenticide.

Necropsies
Out of the 64 animals analyzed for rodenticides, 58 had necropsies conducted at the California

Animal Health and Food Safety Laboratory System (CAHFS) or the Veterinary Medical
Teaching Hospital (VMTH), both part of the University of California at Davis located in Davis,
California.

A summary of 4 (6.9%) fisher necropsies, where the fishers were most likely killed by
anticoagulant rodenticides between 2009 and 2011, were included in the article (Gabriel et al
(2012a)). The 4 animals included 2 from the Sierra Nevada population and 2 from the Northern
population. Of the 4 animals that most likely died due to anticoagulant rodenticide toxicity, 1 had
residues of brodifacoum and chlorophacinone and 3 had residues of bromadiolone and
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brodifacoum. All 4 had detectable levels of brodifacoum, with the levels ranging from 0.04 to
0.61 ppm.

Location & Land Use

The fishers and badgers came from ten different California counties, including Fresno,
Humboldt, Los Angeles, Madera, Mariposa, Monterey, Shasta, Siskiyou, Tehama, and Trinity.
The data indicate that fishers and badgers found in rural/agricultural, as well as those found in
nature preserves/National Forests, were positive for anticoagulant residues.

Fishers are a candidate for listing under the federal Endangered Species Act in California. They
are a medium-sized mammal in the mustelid (weasel) family. They are omnivores, consuming a
wide variety of prey (such as rabbits, mice, squirrels, reptiles, amphibians, insects, porcupines,
and carrion), as well as fruit, berries, and plants. In California, fishers “are dependent on mid to
late-serial stage coniferous and hardwood forests’ and often inhabit lands associated with a lack
of humans. Gabriel et al (2012) used spacial analysis and found that exposure was widespread
and not isolated to areas of known human activity. They came to the conclusion that a “likely
source of AR exposure to fishers is... illegal marijuana cultivation.” This was supported by
spacial analysis, the timing of the mortalities, and raids in areas surrounding the mortalities
(Gabriel et al (2012a), Gurrola (2010), and USDA Forest Service (2011)).

The population of the fishers in the Sierra Nevada is estimated to be 150 to 300 individuals.
There is no natural movement to or from the Sierra Nevada population to other populations
(including the Northern California population), so individuals are gained through birth and lost
through death. Forty (40) animals were analyzed from the southern Sierra Nevada population. Of
these, 33 (82.5%) of the fishers were exposed to anticoagulant rodenticides, 32 (80.0%) were
exposed to brodifacoum, 14 (35%) were exposed to bromadiolone, and 1 was exposed to
difethialone. Two (5%) of the fishers died due to second generation anticoagulant rodenticide
toxicity.

American badgers are primarily carnivorous, preferring to eat small burrowing mammals such as
moles, ground squirrels, rats, mice, and gophers. They live in open areas (i.e., not forests or
urban areas), including grasslands, parks, and farms. Data indicate that 4 of the 6 badgers were
positive for second generation anticoagulant rodenticides, including 3 (50.0%) which were
positive for brodifacoum, 3 (50.0%) which were positive for bromadiolone and 2 (33.3%) which
were positive for both brodifacoum and bromadiolone.

Summary

These data further support DPR’s assertion that exposure and toxicity to non-target wildlife from
second generation anticoagulant rodenticides is a statewide problem, and that the use of second
generation rodenticides presents a hazard related to persistent residues in target animals resulting
in impacts to non-target wildlife.
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For purposes of discussion, the Department of Pesticide Regulation (DPR) is providing these
draft regulations pertaining to second generation anticoagulant rodenticides containing the active
ingredients brodifacoum, bromadiolone, difenacoum, and difethialone.

DPR is proposing to make the following three revisions to Title 3 of the California Code of
Regulations (3 CCR):

1. DPR proposes to amend 3 CCR section 6400 by adding brodifacoum, bromadiolone,
difenacoum, and difethialone to the list of restricted materials in subsection (e). In
accordance with Food & Agricultural Code section 14015, restricted materials can
only be possessed or used by, or under the direct supervision of, a certified private
applicator or a certified commercial applicator.

6400. Restricted Materials.
The Director designates the pesticides listed in this section as restricted materials.
(@) Any pesticide labeled as a "restricted use pesticide” pursuant to section 3 of the Federal
Insecticide, Fungicide, and Rodenticide Act (Title 7, United States Code, section 136a).
(b) Any pesticide used under an "emergency exemption" issued pursuant to section 18 of the
Federal Insecticide, Fungicide, and Rodenticide Act (Title 7, United States Code, section
136p).
(c) Pesticides formulated as a dust, labeled to permit outdoor use, and packaged in containers
of more than 25 pounds, except:
(1) products containing only exempt materials specified in section 6402; and
(2) products containing only carbaryl, disulfoton, endosulfan, lindane, strychnine, zinc
phosphide or an active ingredient not otherwise included in this section, and labeled only for
one or more of the following uses: home use, structural pest control, industrial use,
institutional use, and use by public agency vector control districts pursuant to section 116180
of the Health and Safety Code.
(d) Pesticide products containing active ingredients listed in section 6800(a) (potential to
pollute groundwater), when labeled for agricultural, outdoor institutional, or outdoor
industrial use.
(e) Certain other pesticides:

Acrolein, when labeled for use as an aquatic herbicide

Aldicarb (Temik)

Aluminum phosphide (Phostoxin)

Brodifacoum
Bromadiolone

Difenacoum
Difethialone
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2. DPR proposes to amend the definition of private applicator in 3 CCR section 6000 by
referring to the federal definition of agricultural commodity. The current definition of
agricultural commodity listed in 3 CCR section 6000 excludes livestock, poultry,
and fish.

“Private Applicator” means:

(@) an individual who uses or supervises the use of a pesticide for the purpose of producing an
agricultural commodity as defined by Title 40 Code of Federal Regulations, section 171.2(5)
on property owned, leased, or rented by him/her or his/her employer; or

(b) a householder who uses or supervises the use of a pesticide, outside the confines of a
residential dwelling for the purpose of controlling ornamental, plant or turf pests on
residential property owned, leased, or rented by that householder.

Included for reference only:

Definition of agricultural commodity in 3 CCR section 6000:

“Agricultural commodity”” means an unprocessed product of farms, ranches, nurseries, and
forests (except livestock, poultry, and fish). Agricultural commodities include fruits and
vegetables; grains, such as wheat, barley, oats, rye, triticale, rice, corn, and sorghum;
legumes, such as field beans and peas; animal feed and forage crops; rangeland and
pasture; seed crops; fiber crops such as cotton; oil crops, such as safflower, sunflower, corn,
and cottonseed; trees grown for lumber and wood products; nursery stock grown
commercially; Christmas trees; ornamentals and cut flowers; and turf grown commercially
for sod.

Definition of agricultural commodity in 40 CFR section 171.2(5):

The term agricultural commodity means any plant, or part thereof, or animal, or animal
product, produced by a person (including farmers, ranchers, vineyardists, plant propagators,
Christmas tree growers, aquaculturists, floriculturists, orchardists, foresters, or other
comparable persons) primarily for sale, consumption, propagation, or other use by man or
animals.

3. DPR proposes to add the following new section regarding the use of brodifacoum,
bromadiolone, difenacoum, and difethialone:

64X X. Brodifacoum, Bromadiolone, Difenacoum, and Difethialone

This section supplements the label restrictions on the use of brodifacoum, bromadiolone,
difenacoum, and difethialone.

(a) It is prohibited to place any above ground bait more than 50 feet from a man-made
structure unless there is a feature associated with the site that is harboring or attracting the
pests targeted on the label between the 50 foot limit and the placement limit specified on the
label.
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